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A bstract
Habitat loss and degradation is considered the greatest threat to freshwater 
biodiversity. In this study, I examined fish-habitat associations in shallow Canadian 
waters o f the Detroit River. To determine the most effective method o f sampling fishes in 
a large connecting channel, several techniques were compared at 30 sites in the middle 
Detroit River in 2003. In 2004, 60 sites were selected from shallow Canadian waters, and 
sampled in May (spring), July (summer) and September (fall). Local environmental 
variables were measured to determine microhabitat preferences o f fishes. At a larger 
scale, sites were distributed between inshore and offshore areas, and among upper, middle 
and downstream segments o f  shallow water habitat.
Gear comparisons revealed that, in descending order, seine nets, boat electrofishing,
1 hoop nets and W indermere traps were effective methods for sampling shallow offshore
waters. Seine nets captured the highest species richness, and higher abundance than all 
other gears combined. I recommend combining all four gears for species surveys; 
however, if  multiple small samples are required for multivariate analysis, I recommend 
seining and boat electrofishing.
A total o f 30,943 fishes (16 families, 46 species) was captured in 1141 seine hauls.
1 Microhabitat preferences o f  fishes varied more strongly with ontogenic stage than season,
however the opposite trend was observed at the macrohabitat scale. In all seasons, 
complex macrophytes were the most important o f several environmental variables for 
determining the fish assemblage. Microhabitat preferences were generally similar across 
seasons for a size class o f a species; however, microhabitat associations differed between 
small and larger conspecifics.
iii
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In spring, fish species richness and abundance were higher at inshore sites than 
offshore sites, and inshore sites in the middle segment (where substantial wetlands exist) 
had the highest richness and abundance. Little cover was available offshore in spring 
when macrophytes were sparse; therefore, many small fishes preferred inshore habitats.
In all seasons, upstream assemblages were most distinct from downstream assemblages in 
all seasons. Round goby were common upstream, and striped shiner were common 
downstream. Large-scale spatial variation was highest in spring, when many cyprinid 
and centrarchids species spawned, whereas fish distributions were most homogeneous in 
fall.
IV
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General Introduction
Exam inations o f fish-habitat associations in large riyers have traditionally been 
focused at the microhabitat scale (e.g Grossman et al. 1987); however, Copp et al. (1994) 
and Poizat and Pont (1996) were among the first to stress the importance o f a multi scale 
approach. The scale at which fishes select habitat is generally not known a priori for a 
given system; however, fish assemblages are likely to be structured according to any scale 
at which habitat heterogeneity exists. Therefore, the fish assemblage must be measured at 
multiple scales to fully understand habitat-associatons (Poizat and Pont 1996). For 
example, strong large scale variation is commonly found in large river fish assemblages 
with respect to a longitudinal gradient between headwaters and high order downstream 
habitats (Vannotel et al. 1980; Pyron and Lauer 2004). However, at smaller spatial 
scales, habitat heterogeneity results in more complex fish distributions (Cantu and 
W inemiller 1997) Attributing distributional patterns to habitat heterogeneity measured at 
a single scale may therefore be misleading.
Fishes differentially use macrohabitats such as lotic channels, side-channels and 
oxbows (Copp et al. 1994; Gozlan et al. 1998; Slavik and Bartos 2001), or vary among 
bank types at the mesohabitat scale (Poizat and Pont 1996; Barko et al. 2004). Large 
river fishes associate more strongly with morphological microhabitat features such as 
depth, current velocity and substrate, than with physicochemical features such dissolved 
oxygen and conductivity (Lobb and Orth 1991; Cantu and W inemiller 1997; Jackson et 
al. 2001; Fladung et al. 2003). Macrophytes appear to be particularly influential in 
structuring fish assemblages in large rivers where they are abundant (Grenouillet et al. 
2000; Petry et al. 2003).
1
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M y thesis examines fish-habitat associations in the Detroit R iver at multiple 
spatial scales. In the first year, sampling techniques were compared to determine their
i
suitability in a large connecting channel (Chapter 1). Effective techniques were used in a 
subsequent year to study in detail fish-microhabitat (Chapter 2) and -macrohabitat 
(Chapter 3) associations.
Sampling Large River Fishes
Historically, few studies examined the relationship between habitat and fish 
assemblages on large rivers (Lobb and Orth, 1991), however increased attention has been 
paid to large river fishes in the past decade. The difficulty o f sampling fishes in deep 
waters with high current velocities has been a major limiting factor (Casselman et al. 
1990), as few sampling techniques are available for large river fishes (Garner 1997). 
Since the first International Large River Symposium (LARS) in Canada in 1985, and 
partly due to the attention raised by it, work on large river fishes has increased 
dramatically. The second LARS was held in Cambodia in 2003. Casselman et al. (1990) 
provided a synthesis and evaluation o f existing sampling techniques, and provided 
suggestions for future development, such as hydroacoustic sampling. In large rivers with 
substantial shallow water habitat such as the Detroit River, sampling offshore shallow 
water fishes remains difficult. Most active and passive techniques are designed to work 
along the shoreline (e.g. hoop nets, seine nets) or are harmful to fishes (e.g. gill nets) 
(Hayes et al. 1996; Hubert 1996). Nelva et al. (1979) and Persat and Copp (1990) 
described an electrofishing technique called Point Abundance Sampling (PAS), designed 
to collect the large numbers o f small samples ideal for multivariate analyses. PAS has 
been widely used in European rivers for sampling both inshore and offshore shallow
2
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water fishes (e.g. Gam er 1996; Gozlan et al. 1998; Grenouillet et al. 2000). However, 
PAS is m ost effective for small or juveniles fishes, and sampling larger fishes remains 
difficult.
The Detroit River
The Detroit River is 51 km in length and connects Lake St. Clair with Lake Erie, 
excluding Lake St-Clair and the upper Great Lakes, the Detroit River drains over 2000 
km2 (Detroit River Canadian Cleanup Committee 1999). The surface bedrock is 
primarily dolomite and limestone, and is covered by a thin layer o f fine deposits 
(Edwards et al. 1989; Bolsenga and Herdendorf 1993). The river drops 0.9 m from Lake 
St. Clair to Lake Erie, and surface flow occasionally changes direction when seiches on 
Lake Erie exceed this height (Bolsenga and Herdendorf 1993). Ice jam s often occur in 
March, after the ice breaks upstream in the St. Clair River (Bolsenga and Herdendorf 
1993). In summer, water warms in Lake St. Clair before entering the Detroit River, 
resulting in warmer temperatures than in the St. Clair River (Hatcher et al. 1991). 
Substantial shallow (< 2.5 m) flats are found in the lower half o f  the river, generally 
sloping steeply at the channel edge.
O f the Great Lakes connecting channels, only the St. Clair and Detroit Rivers lack 
hydro power dams; however, the Detroit River is arguably the most influenced by human 
activity. Two thirds o f the Michigan shoreline are armoured with retaining walls, and 
residences, factories, and freight docks are common on both shores (Caswell et al. 2004). 
Navigation channels have been constructed and are maintained by annual dredging 
(Manny and Kenaga 1991).
3
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The Detroit River once supported the largest lake whitefish (scientific and common 
names according to Nelson et al. (2004); scientific names provided in Appendix 1) and
i
cisco, which operated from 1830 to 1920 (Edwards, Hudson et al. 1989). Other fishes 
commonly harvested commercially during that era included walleye, lake sturgeon, 
largemouth, muskellunge, northern pike, and common carp. The collapse o f the lake 
whitefish and cisco fishery in 1920 has been attributed to pollution and overfishing (Kerr 
et al, 2003); however the lack o f recovery suggests that the destruction (for 
channelization) o f  rock outcroppings once used for spawning in the lower Detroit River 
likely played a significant role in this decline (Bull and Craves 2003). In large areas o f 
the river, especially downstream o f the Detroit industrial complex, chemical 
contamination disrupts fish populations (Edwards et al. 1989; M anny and Kenaga 1991). 
High contaminant levels are found in fishes taken from American waters downstream of 
Zug Island, while fishes in Canadian waters around Peche and Bois Blanc Islands have 
low contaminant levels, similar to fishes found in Lake Erie (Suns et al. 1985; Metcalfe et 
al. 1997; Metcalfe et al. 2000)
Haas et al. (1985) examined adult fish movement and populations at three channel- 
border ( 2.7 to 4.3 m deep) sites in American waters o f the Detroit River. In descending 
order rock bass, yellow perch, walleye and white perch were the most abundant o f the 46 
species captured. Due to sample design, few small cyprinids were captured, whereas 
deep water (e.g. quillback, river redhorse, stonecat) and migrating fishes (e.g. coho 
salmon, rainbow trout, chinook salmon) were observed. They found that fishes moved to 
overwintering areas in the fall, and displayed reduced activity throughout the winter. 
Movement increased in the spring, as fishes migrated to spawning and feeding grounds. 
Walleye, yellow perch, channel catfish, freshwater drum and white sucker all migrate
4
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between Lake Erie and Lake St. Clair. White bass spawn mostly in the lower Detroit 
River (Haas et al. 1985), which is a major spawning area fot the fishes o f  the river and 
Lake Erie (Manny and Kenaga 1991). Hatcher et al. (1991) sampled larval fishes in the 
St. Clair and Detroit Rivers in 1977-78 and 1983-84, and found rainbow smelt, alewife 
and gizzard shad were most abundant in the Detroit River. Densities were highest in the 
lower part river, suggesting that spawning occurred in tributaries or the Detroit River 
itself. Larger larvae also entered the river from Lake St. Clair later in the season.
There are 17 introduced species in the Detroit River (Appendix 1). Some, such as 
white perch are sought as game fish, whereas others such as round goby and common 
carp threaten native fishes. Common carp alter habitat while feeding, by uprooting 
aquatic vegetation and increasing turbidity (Scott and Crossman, 1979). Round goby 
prey on native fish eggs, and compete for nesting sites with northern madtom (Noturus 
stigmosus), a species at risk in Canada (M aclnnis 1998).
Purpose and Objectives
Habitat degradation is considered the greatest threat to freshwater communities 
(Ricciardi and Rasmussen 1999; Sala et al. 2000). Ecosystem management and 
environmental regulation are often habitat-based, and, therefore, rely heavily on 
quantitative descriptions o f habitat associations (Bain et al. 1999). Additionally, invasive 
species could theoretically be controlled by reducing their habitat while promoting 
habitats preferred by native fishes (Gido and Propst 1999).
My thesis represents an attempt to determine the relationship between the fish 
assemblage o f  the Detroit River and habitat at multiple spatial scales. The effectiveness 
o f multiple gears at sampling shallow offshore habitats is compared in chapter one. The
5
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results o f this examination were used to design the study o f fish-habitat relationships 
presented in the following chapters. In chapters two and three, habitat preferences are 
determined for small and larger size classes o f  each species, and seasonal (spring, 
summer and fall) habitat associations are analyzed separately. Chapter two presents the 
results o f  microhabitat associations. In chapter three, inshore and offshore sites, and river 
segments are compared at the macrohabitat scale. Interactions among the two scales are 
reviewed in the final discussion.
6
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Few studies o f  fish assemblages have been conducted in large rivers owing to 
difficulties o f  sampling such complex systems. I evaluated the effectiveness o f six 
different gear types (seine nets, boat electrofishing, hoop nets, W indermere traps, trap 
nets, and minnow traps) in sampling the fish assemblage at 30 sites in the shallow, 
offshore waters o f  the middle Detroit River in July and August, 2003. A total o f 2449 
fishes representing 38 species in 15 families was captured using seining (1293 fishes, 29 
species), boat electrofishing (398 fishes, 23 species), hoop nets (524 fishes, 26 species)
t i
and Windermere traps (234 fishes and 14 species). Trap nets and minnow traps were not 
effective in sampling offshore littoral sites. Significantly higher fish species richness and 
abundance, and more unique species were captured by seine nets than by any other gear 
type. Windermere traps captured significantly lower abundance and richness than all 
other gear types, but proportionally more benthic species. Total species accumulation 
rates were not markedly reduced when Windermere trap data were excluded. Results
1 1
from M ulti-Response Permutation Procedure showed that there was a significant 
difference in assemblages captured by gear types, with the greatest difference being 
between seine nets and Windermere traps. Non-metric multidimensional scaling showed 
that seine net catches were dominated by mid-water schooling species (brook silverside, 
Labidesthes sicculus; emerald shiner, Notropis atherinoides; mimic shiner, Notropis
1 1
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volucellus); whereas, W indermere trap catches were dominated by centrarchids. Seine 
nets were the m ost effective gear for sampling the offshore littoral zone.
t
Introduction
O f the many studies o f  lotic fish assemblages, few have focused on large rivers 
(Lobb and Orth 1991; Mihuc and Feminella 2001). This is largely due to the deep waters 
and high flows o f large rivers that make fish sampling difficult (Casselman et al. 1990; 
Grossman and Ratajczak 1998). Therefore, researchers decide whether to sample channel 
(i.e. deep water, high flow) (e.g. W olter and B ischoff 2001), or shallow water and 
shoreline habitats (Cao et al. 2001). The littoral zone is often studied due to simplicity o f 
sampling as well as its importance as a nursery for some fishes, and adult habitat for 
others (Dauble and Gray 1980).
Fishing efficiency in large rivers is often much lower than in small streams (Mann 
and Penczak 1984; Grossman and Ratajczak 1998). Although many techniques have 
been developed for sampling fish habitat in small streams, few can be directly applied to 
large rivers (Bain et al. 1999). However, conservation o f  large river fish assemblages 
requires a firm understanding o f community dynamics and habitat use (Petts et al. 1989). 
Studies o f  habitat use by fish assemblages are recommended over studies focusing on the 
habitat use o f  single species (Lobb and Orth 1991). Fish densities and species richness 
cannot be accurately estimated in large rivers with a single gear; therefore, multiple gears 
are required to sample the fish assemblage (Casselman et al. 1990; Weaver et al. 1993).
Several gears are available for sampling the littoral zone o f rivers, but few 
comparisons o f their effectiveness have been made (Casselman et al. 1990). Most gears, 
such as hoop nets or beach seines, have been designed to sample the shoreline rather than 
the offshore waters o f the littoral zone (Hayes et al. 1996; Hubert 1996). Samples are
12
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often taken by transect when boat electrofishing or trawling. Such methods are useful for 
species surveys as large areas can be sampled quickly (Hayes et al. 1996; Reynolds 
1996). However, data from transect samples cannot readily be used to determine 
microhabitat preference, as several discrete habitats may be encountered along a single 
transefct. PAS has been used to sample large rivers, but this method is designed to 
determine fish densities, and focuses on early life stages (Copp and Penaz 1988). Gill 
nets could be used to effectively sample offshore sites; however, they are known to cause 
high stress (Hopkins and Cech 1992) and mortality among captured fishes (Hubert 1996). 
Given the standard techniques for use o f existing gears, an evaluation o f their 
effectiveness for sampling the offshore littoral zone is required.
Each gear captures fishes in a different manner and, therefore, may capture a 
different portion (species or age classes) o f the fish assemblage (W eaver et al. 1993; Fago 
1998). Passive gears capture more mobile fishes while active gears are better at capturing 
sedentary species (W eaver et al. 1993). The physical characteristics o f a site may reduce 
the effectiveness o f a given gear. Seine net efficiency, for example, is higher in areas o f 
high macrophyte density, lower over boulders or snags, and lower for benthic than mid­
water fishes (Lyons 1986; Pierce et al. 1990). The assemblage captured is therefore 
dependent on the gear type used, and on the environmental conditions o f the sample site.
My objectives were to: (1) compare the suitability o f  a suite o f gear types for 
sampling shallow offshore areas o f  a large river and determine if  a subset o f gears is 
necessary to accurately represent the composition o f the fish assemblage; (2) determine 
how environmental conditions affect capture by each gear type; (3) test a method o f point 
electrofishing; and, (4) test a method o f seining offshore areas o f  a large river.
13




The Detroit River, which connects Lake St. Clair to Lake Erie, has a mean annual 
discharge o f  5094 m3/s (Bolsenga and H erdendorf 1993). Sites were located within a 10 
km stretch o f  the Canadian waters o f  the middle Detroit River, from the confluence o f 
Turkey Creek to that o f the River Canard (Figure 1.1). Here, the river is characterized by 
braided channels and wide, shallow flats with a maximum width o f 4 km, and a maximum 
depth o f  10 m (Bolsenga and H erdendorf 1993).
Sampling
Thirty sites were selected at random from areas < 3 m deep, with sites located 15 
to 730 m offshore. Fish and habitat sampling was undertaken at these sites from July 22 
to August 29, 2003, between 08:00 and 18:00 hours. At each site, water temperature and 
conductivity (YSI Model 33 S-C-T meter), turbidity (Secchi disk) and flow (Z21 Ott 
current meter) were measured. Substrate (including macrophyte density) was estimated 
qualitatively in the field. Sites with low (< 25 %) macrophyte density were classified as 
mud, sand, or gravel; whereas, sites with high (> 25  %) macrophyte density were 
classified as ‘weeds on soft’ or ‘weeds on hard’. Sites were sampled using two active 
(boat seining, boat electrofishing) and four passive (hoop nets, Windermere traps, 
minnow traps, trap nets) gears (Table 1.1). 1 used a 15 m long, 2.5 m tall seine net with a 
2.5 m bag and 0.64 cm “ace” mesh to sample offshore sites, in a method similar to 
Bayley and Herendeen (2000). My method differs from the conventional method (with 
one end o f  the net attached to shore) and, therefore, deserves a detailed description. 
Offshore sites were seined in triplicate by anchoring one end at the center o f the site,
14











Figure 1.1 -  Map o f the middle Detroit River, with 2003 sampling sites marked by black 
circles.
15
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.






# o f 
sites Sampling period
Seine Net Active No 4-8 min 25 Jul 30th to Aug 28,n
Boat Electrofisher Active No 1 min CO o Aug 19th to Aug 20,h
Hoop Net Passive No 18 to 26 h 26 Jul 22nd to Aug 28th
Windermere T rap Passive Yes 18 to 26 h 30 Jul 22nd to Aug 29th
Trap Net Passive No 20 to 24 h 7 Jul 21st to Jul 31st
Minnow Trap Passive Yes 19 to 23 h 10 Jul 22nd to Jul 31st
16
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
deploying the net in a straight line, and using the boat to loop the net back to the anchor 
(Figure 1.2). A king anchor was deployed with a 4 m rope attached, and a loop was tied 
at the end o f  this rope. The net was clipped to the loop using a caribiner, with a short (<1 
m) rope leading to the lead line o f  the net, and a longer (>2 m) rope leading to the float 
line, allowing it to float freely. A buoy was tied to the loop using a second 3-4 m rope, to 
mark the anchorage point (Figure 1.2a). Using the boat, the net was drawn out in a 
straight line with the bag deployed on one side. At the opposite end o f the net, the lead 
and float lines were tied to a brail (Figure 1.2b). The boat was used to pull the net into a 
loop (with the bag opening facing inwards) by bringing thd brail end back to the buoy; the 
brail was used to keep the lead line on the substrate. Using the buoy line, the caribiner 
was retrieved and unclipped from the anchor line. The buoy (and thus the anchor) was 
fastened to the boat, preventing drift during retrieval o f  the net. Wings were hauled in 
together, keeping the lead lines low to the water and trapping fishes in the bag (Figure 
1.2c). This method permitted retrieval o f the net without displacing the anchor, which 
minimized retrieval times and allowed replicate hauls at the same location.
Sites were electrofished using a Smith-Root boat electrofisher with a single anode 
array and pulsed DC current (30 Hz, 1000 V, 3600 W). The boat was held in place over 
the center o f  the site while shocking for one minute. At each site, hoop nets, Windermere 
traps and minnow traps were set on the same day. Hoop nets (92 cm in diameter with a 
15 cm opening, an 8 m lead, and 0.64 cm mesh) were set with their lead perpendicular to, 
and facing shore, or with the lead attached to shore at one site. Windermere traps (113 
cm long, 67.'5 cm diameter, 10 cm opening, 0.5 cm mesh) and minnow traps (41 cm long,
18 cm diameter, 2.5 cm opening, 0.5 cm mesh) were baited with cat food and left 
overnight. Consistent with Weaver et al. (1993), minnow traps were found
17
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Figure 1.2 -  Diagram o f an offshore seine net haul: (a) anchor, buoy, and seine net 
rigging; (b) deployed net prior to haul; (c) retrieval over the side o f the boat.
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to be ineffective and were not used after sampling the first 10 sites with no fish captures. 
Trap nets (2.5 m X 2.5 m, with 7 m wings, a 35 m lead, and 2.5 cm mesh) were set in a 
similar manner to hoop nets; with the lead line perpendicular to, and facing shore. Trap 
nets also were deemed ineffective, and were not used after sampling the first seven sites. 
Althoilgh trap nets did capture several fishes (means: 3.1 species, 5.7 fishes), including 
channel catfish (scientific and common names according to Nelson et al. (2004); 
scientific names provided in Appendix 1) that were not captured by any other method, 
they were very difficult to set and retrieve with a crew o f two people.
At each sampling event, fishes were counted and identified to species. The total 
length o f  the longest and shortest fish o f  each species was measured. At each site, two 
individuals o f  each species (to a maximum length o f 200 mm) were kept as vouchers and 
fixed with 10 % formalin. All other fishes were released.
Analysis
Species accumulation curves can be used to determine if  sample size is large 
enough to sufficiently represent a community (McCune and Grace 2002). Curves were 
generated for each gear type by randomly sorting samples 100 times, and determining the 
average number o f  new species found throughout the study area at each increase in 
sample size. Species accumulation curves were used to compare individual gears, and all 
combinations o f two to four gear types.
Total time sampled by passive gears (Windermere traps and hoop nets) varied by 
up to 8 hours. Increases in catch with time would require standardization o f the data by 
catch per unit effort (CPUE). Therefore, relationships between total time and richness 
and abundance (all normally distributed, Kolmogorov-Smirnov) were determined using
19
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
linear regression analysis. No significant relationships existed between the total time set 
for hoop nets and fish species richness (r2 = 0.05, p = 0.81) or abundance (r2 = 0.06, p <
i
0.27) or between the total time set for W indermere traps and fish species richness (r2 = 
0.00, p = 0.45) or abundance (r2 = 0.01, p < 0.96). Therefore, CPUE was not used to 
standardize passive gear data.
Differences in fish species richness and abundance were determined for gear type (4 
classes: boat electrofishing, hoop net, seine net, Windermere trap), macrophyte density (2 
classes: low and high) and flow (presence/absence) using factorial ANOVA (Statistica
6.1, StatSoft inc. 2003). Macrophyte density and flow were included in the analysis to 
determine (by examining the interaction terms) if  gears were more effective under 
different environmental conditions. Richness and abundance were tested for normality 
(Kolmogorov-Smimov), and abundance was transformed (Logio [N +l]) to fit the normal 
distribution. Tukey HSD post-hoc tests were performed on significant factors and 
interaction terms.
The difference in number o f species unique to a gear type at a given site (termed 
‘unique species richness’) and rare (< 1 %  o f total abundance) species richness did not fit 
the normal distribution, even after transformation (Kolmogorov-Smimov). Therefore, 
differences in these variables were determined among gear types using the nonparametric 
Schierer-Ray-Hare two-way ANOVA (Sokal and R olf 1995). Because flow was the least 
significant factor in factorial ANOVA o f richness and abundance, gear type and 
macrophyte density were used as independent variables. Post-hoc analyses on significant 
factors and interaction terms were performed using Kruskal-Wallis ANOVA (Statistica
6.1, StatSoft inc. 2003)
20
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To test whether the assemblage captured differed among gear types, Blocked 
Multi-Response Permutation Procedure (MRBP) was used (PC-ORD 4.14, McCune and 
Mefford 1999). MRBP is a non-parametric technique that tests for differences in 
communities among groups (i.e. gear types)(M ielke and Berry, 2001; McCune and Grace
2002).' Rare species (<1  % o f total abundance) and unidentified fry were removed prior 
to analysis. The median within blocks (sites) were aligned to zero, and Euclidian distance 
was used. An overall comparison o f  presence-absence data was made among all four 
gear types, as well as multiple pair-wise comparisons for each combination o f two gears. 
Non-metric Multidimensional Scaling (NMS) was used to examine the nature o f the 
difference in communities among gear types (PC-ORD 4.14, McCune and Mefford, 1999) 
based on Sorenson distance matrix derived from presence/absence o f common species, 
and sample scores were plotted by gear type.
Results
O f the 30 sites, seven were not sampled by all gear types because o f problems with 
depth, flow or macrophyte density. Therefore, 23 sites were sampled using all four gears. 
Water temperature and conductivity varied from 19 to 27 °C, and 180 to 440 pS/cm, 
respectively. Secchi disk transparency values ranged from 0.5 to 3 m, where the disk 
could be seen on bottom. Flow ranged from 0 to 16.4 cm/s.
A total o f 2449 fishes was captured, representing 38 species in 15 families (Table 
1.2). Seining captured 1293 fishes (29 species, 11 families) including five unique species 
(spotfm shiner, muskellunge, spotted sucker, trout perch, walleye). Boat electrofishing 
captured 398 fishes (23 species, 9 families) and one unique species (yellow bullhead).
21
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Table 1.2 -  Fish species sampled by four gear types. Values are the total abundance of 
each species, summed across 23 sites. Species codes are listed in Appendix 2.





CYCA 4 3 6
LUCH 9 1 1
NOAT 17 19 1
NOHU 278 84 220 134
NOVO 12 49 6 1
PINO 292 118 111 26












MOAM 24 1 15
MOCH 8 1 2
AMRU 38 6 27 14
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LEGI 12 4 18 19
LEMA 44 3 19 7
MIDO 22 9 5
MISA 67 14 3 1
PONI 3 1
E T N I' • 3 2
PEFL 247 54 50 8
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There were 524 fishes (26 species, 12 families) captured in hoop nets, including four 
unique species (brown bullhead, freshwater drum, northern pike, longnose gar). There
i
were 234 fishes (14 species, 5 families) captured in Windermere traps, but no unique 
species.
Rates o f species accumulation increased with the number o f  species captured by a 
given gear type or combination o f gears. A combination o f all four gears captured the 
highest richness, although removing the Windermere trap date caused little change in the 
rate o f accumulation (Figure 1.3). O f the six possible combinations o f two gear types, 
hoop netting and seining captured the highest richness, followed by electrofishing and 
seining. After 23 sites, species accumulation rates for single gears appeared to level off 
for seine nets and Windermere traps, and continued to increase slightly for hoop nets and 
strongly for boat electofishing.
There were significant differences in fish species richness among gear types (p < 
0.001), but not between macrophyte densities or flow rates, nor any o f the interaction 
terms. Post-hoc analysis revealed that seine nets captured significantly higher richness 
than all other gear types and Windermere traps captured significantly lower richness than 
all other gear types (Figure 1.4a). Boat electrofishing did not differ significantly from 
hoop nets in fish species richness.
There were significant differences in abundance among gear types (p < 0.001), but 
not between macrophyte densities or flow levels, or any o f the interaction terms. Post- 
hoc analysis revealed that seine nets captured significantly higher abundance than all 
other gear types and Windermere traps captured significantly lower abundance than all 
other gear types (Figure 1.4b). Boat electrofishing did not differ significantly from hoop 
nets in abundance captured.
24
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#  ^
Figure 1.4 -  Mean (+SE) species richness (a), abundance (b), unique richness (c), and rare 
species richness (d) captured by four gear types (n = 23), middle Detroit River, 2003.
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There were significant differences in unique species richness among gear types (p < 
0.05), but not between macrophyte densities or the interaction term. Post-hoc analysis 
revealed that seine nets captured significantly more unique species than all other gear 
types (Figure 1.4c). No other gears differed significantly in unique species richness. 
There Were no significant differences in rare species richness between gear type, 
macrophyte density or the interaction term (Figure 1.4d).
Thirteen species were considered common (i.e. > 1 % o f total abundance) and used 
in assemblage analysis. The same species were most common (though with different 
ranks) if  the numerically dominant seine net data were removed. All common species 
were captured by seine nets; however, smallmouth bass were not captured by hoop nets, 
brook silverside were not captured by boat electrofishing, and four common species 
(white sucker, brook silverside, white perch, emerald shiner) were not captured by 
Windermere traps. There was a significant difference in assemblages captured among 
gear types, both overall and for each pair-wise comparison (Table 1.3). The strongest 
difference was between seine nets and W indermere traps, while the weakest difference 
was between boat electrofishing and hoop nets. NM S ordination produced a highly stable 
three dimensional solution, which explained 82% o f the variation in the common species 
assemblage data (Table 1.4). Rock bass had the highest positive association with axis 1, 
with which brook silverside and emerald shiner had the highest negative associations. 
Mimic shiner had the highest positive association with axis 2, with which pumpkinseed 
and bluegill had the highest negative associations. Windermere trap samples were more 
positively associated with axis 1 than seine net samples which, in turn, were more 
positively associated with axis 2 (Figure 1.5). These differences suggest that seine net
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Table 1.3 -  Summary statistics from MRBP analysis o f  common species (> 1 % o f total) 
presence/absence data (23 sites). Overall results are presented, along with pairwise 
comparisons for each combination o f  two gear types (S = Seine net, B = Boat 
electrofishing, H = Hoop nets, W = Windermere trap). The chance-corrected within- 
group agreement, A, represents the homogeneity o f  the community within groups. 
Greater differences between groups are shown by more negative values o f T, the test 
statistic (Mielke and Berry 2001).
Groups T A P
All -15.6 0.08 <0.001
S vs B -6.5 0.06 <0.001
S vs H -7.6 0.07 <0.001
S vsW -11.6 0.15 <0.001
B vs H -5.9 0.06 <0.001
B vs W -8.5 0.11 <0.001
H vs W -5.9 0.07 <0.001
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Table 1.4 -  Summary data ofN M S ordination o f common species (> 1 % o f total) 
presence/absence data, including axis loadings for each species, and the variation 
explained by each axis. Species codes are described in Appendix 2.
Variation explained Axis 1 Axis 2 Axis 3





AMRU 0.44 -0.03 -0.04
CACO . -0.23 0.22 0.13
LASI -0.34 0.37 0.16
LEGI 0.03 -0.67 0.17
LEMA -0.04 -0.65 0.39
MIDO 0.26 0.40 0.12
MISA -0.18 -0.06 0.05
MOAM -0.06 0.24 0.23
NOAT -0.39 0.27 0.30
NOHU -0.09 0.29 -0.24
NOVO 0.09 0.56 0.05
PEFL -0.16 -0.03 0.02
PINO -0.15 0.26 0.20
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Figure 1.5 -  Scatterplot o f  samples from four gear types across NMS axes 1 and 2 based 
on common species (> 1 % o f total) presence/absence data (n = 89, 3 null samples 
removed). Species with the most positive and negative loadings on axis 1 and 2 are 
shown. Seine nets = + (n = 23), boat electrofishing = *  (n = 22), hoop nets = 0 («  = 23), 
and Windermere traps = V(« = 21).
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catches were dominated by midwater schooling fishes, while Windermere trap catches 
were dominated by centrarchids. Gear types did not differentiate strongly along axis 3.
Discussion
Seine bets were the most effective method for sampling shallow offshore sites, and 
especially so for capturing schooling midwater fishes. The total abundance captured by 
seining was higher than the total abundance o f all other gears combined. Three hauls 
were used per site, which could account for the higher catches; however, the total time 
required to haul seine nets three times was similar to the total time required to set and 
retrieve one hoop net. The greatest difficulties in sampling with a seine net are snags in 
the form o f woody debris or boulders, which lift the lead line o ff the bottom and allow 
fishes to escape (Pierce et al. 1990). The riparian zone is a primary source o f woody 
debris in a lotic environment (Pusey and Arthington 2003) and, as my sites were located 
offshore, no such debris was encountered. In addition, substrates were not coarse enough 
to cause gaps between the lead line and the river bottom. However, a large gap was 
created when the lead line was lifted o ff the bottom during retrieval. Bayley and 
Herendeen (2000) found that a similar method o f hauling seine nets over the side o f the 
boat was significantly less efficient than methods where the lead line remained on the 
substrate during retrieval. Although it may not be the most efficient method o f operating 
a seine net, anchoring the seine in open water was notably the most effective method for 
sampling shallow offshore sites. This method is useful for measuring the common fish 
assemblage, as high abundances (> 10 individuals) o f all common species were captured.
Boat electrofishing was less successful than seine netting, but captured higher fish 
species richness and abundance than Windermere traps. Species accumulation rates did
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not level off for boat electrofishing, indicating that more samples would increase the 
number o f species captured. I was able to electrofish all sites quickly, as sites were 
shocked once for one minute. Spending additional time electrofishing, by taking replicate 
samples or resampling sites at later dates, would likely have increased the abundance and
i
richness o f the catch. However, electrofishing equipment is labour and cost intensive, 
and this may limit the amount o f time available for its use.
Hoop nets and boat electrofishing were similarly effective in capturing fishes; 
however, nine and seven species were retrieved in hoop nets that were not captured by 
boat electrofishing and seining respectively, indicating that hoop nets complement these 
gear types well in synoptic studies. Pugh and Schramm (1998) found boat elecrofishing 
was far more effective than hoop nets at sampling large river fishes; however, they used a 
transect method which is inappropriate for microhabitat studies. Hoop net catches are 
often dominated by ictalurids and other large benthic fishes (Pugh and Schramm 1998; 
Feyrer and Healey 2002), which move into shallow waters to feed at night. More 
catfishes were caught by hoop nets than any other gear type in this study, although they 
represented only a small portion o f hoop net catches.
Windermere traps were the least effective gear type. Although an average o f 0.43 
unique species and 0.30 rare species per site was captured by W indermere traps, the rate 
o f species accumulation did not decrease when trap data were removed. Windermere 
traps captured the lowest number o f common species and are, therefore, the least effective 
at representing the common fish assemblage. However, Windermere trap catches were 
dominated by centrarchids, and had a higher proportion (4.3 %) o f  benthic species 
(suckers, catfishes, darters, and gobies) than other gear types (~ 1 %). Most benthic
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species were excluded from community analyses due to their rarity; therefore, differences 
in benthic species captures were not examined by M RPP and NM S analysis.
None o f  the gears captured significantly different richness or abundance between 
habitat types, indicating that they functioned similarly under all conditions. However, 
these results should be interpreted with caution, as areas with very dense macrophyte 
growth or very high flows were not sampled. My designation o f  "high" or "low" 
macrophyte density may not have been biologically relevant because some fishes seem to 
prefer intermediate densities (Grenouillet et al. 2000).
Passive gears will capture fishes during both night ahd day in one sample, while 
several samples with an active gear may be necessary to evaluate the fishes present at a 
site over a 24 hour period. However, this implies that passive gears may capture 
migratory species that have no specific association with the microhabitat o f the sample 
site. Passive gears must also be fished for at least several hours (Hayes et al. 1996), 
reducing the possible number o f sites or replicates. Large piscivores may require 
exclusion (by means o f a mesh screen across the opening) to avoid consumption o f a 
portion o f  the sample (Weaver et al. 1993).
A higher proportion o f sampling time is lost due to poor weather or equipment 
malfunctions when passive gear is used. Assuming a five say sampling week, only one 
active sampling day is lost to inclement weather in the middle o f  the week, permitting 
sampling on 4/5 days. With passive gear however, only 4 nights are available to be 
sampled. Should engine troubles prevent gear retrieval in the middle o f the week, the 
gear will fish for 48 hours, and such data will be an outlier. Additionaly, the gear cannot 
be set at new site during that time, and therefore 2/4 nights are lost. Similar proportions 
o f time are lost when a specific haul or set is faulty.
33
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Although the assemblage o f  common fishes differed significantly among gears, 
such differences were minor. Seine nets, hoop nets, and boat electrofishing were all
*
effective at capturing common fishes, however Windermere traps failed to capture 4 o f 
the 13 m ost common species. This, along with the species accumulation curves, suggests 
that all gears but W indermere traps are effective for sampling the common fish 
assemblage o f  the offshore littoral zone o f the Detroit River.
In summary, seines were the most effective gear for sampling fishes in the offshore 
littoral zone o f  the Detroit River. I f  assemblage data from similar ecosystems are 
required, and rare species will likely be removed from analysis (Gauch 1982), 1 
recommend a combination o f  seining and boat electrofishing. This would provide a high 
measure o f  abundance and richness while accurately representing the common species 
assemblage. The large sample size required for community analysis can easily be 
collected because sites can be sampled rapidly with these active methods. However, if  
synoptic surveys are the goal, adding passive gears would increase the number o f species 
captured by targeting different (active and benthic) portions o f  the fish assemblage. As 
most o f my sites had low or no flow, they strongly resembled lentic environments, and 
these gears could be applied just as well to the littoral zone o f lakes.
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Chapter 2 - Seasonal and ontogenic shifts in microhabitat selection by fishes in the 
shallow waters of a large connecting channel. 
Introduction
Summary
I examined the relationship between microhabitat variables and fish distributions in 
the stable erivironment o f  a large connecting channel, the Detroit River. Fishes were 
sampled by seine net at 60 sites in shallow (<2.5 m) Canadian waters in May, July and 
September, 2004. Length-frequency distributions were used to separate species into 
small and larger size classes. Fish-microhabitat associations were examined with 
canonical correspondence analysis (CCA) separately for each season. Small fishes were 
often more strongly associated with microhabitat variables than larger conspecifics. For 
example, small centrarchids were more strongly associated with complex macrophytes in 
the spring; however, this pattern varied among seasons. I attribute stronger microhabitat 
associations for small fishes to predator avoidance. Small-bodied species also selected 
habitats that provided protection against predation; spotfin shiner (Cyprinella spiloptera) 
preferred shallow water, and round goby (Neogobius melanostomus) preferred coarse 
substrate. Habitat preferences differed strongly between small and larger size classes o f  a 
species; however, each size class appeared to have similar microhabitat preferences 
among seasons. Therefore, size played a greater role than season in determining fish- 
microhabitat associations. 1 found that macrophytes with complex morphological 
structure were the most important factor in determining fish distributions in all seasons, 
while depth ranked second or third in importance. Fishes use an array o f  microhabitats in
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the Detroit River, and habitat heterogeneity is essential in promoting a diverse fish 
assemblage.
Introduction
Over the past century, the Detroit River has been heavily modified through 
dredgihg and bank armouring. Although there have been few formal studies o f fish 
habitat requirements, several technical reports have examined the spawning and larval 
fish habitat o f  the St-Clair Detroit River system and the interrelationship among the fish 
assemblages o f  these rivers and the Great Lakes (e.g. Goodyear et al. 1982; Hatcher and 
Nester 1983; Haas et al. 1985; Muth et al. 1986; Hatcher et al. 1991; OMNR 1995). With 
few exceptions (e.g. Caswell et al. 2004), the primary literature on Detroit River fishes 
has focused on contaminant levels (e.g. Rice et al. 2002; Li et al. 2003).
Several authors have promoted multi-scale approaches to defining fish-habitat 
associations (Poizat and Pont 1996; Bult et al. 1998; Gozlan et al. 1998); however, fishes 
respond strongly to habitat at the local scale in large rivers (Grossman et al. 1987; Gamer 
1996; Copp 1997a). For example, fishes are strongly associated with macrophytes in 
large rivers where aquatic vegetation is abundant (Grenouillet et al. 2000; Petry et al.
2003). Additionally, large river fishes are associated with physical variables such as 
substrate, depth, current velocity, slope, and cover (Cantu and W inemiller 1997; Fladung 
et al. 2003). The examination o f microhabitat associations for fish assemblages is 
preferred over studies focused on individual species, as the habitat preferences o f all 
species should be considered for proper ecosystem management and restoration (Lobb 
and Orth 1991; Barko et al. 2004).
Most studies o f spatiotemporal variation in large river fish assemblages focus on 
shifts in relative abundance that accompany seasonal migrations and the recruitment of
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younger individuals to the population, and on the difference in assemblages among 
habitats (Nair et al. 1989; PauloM aya and RamirezEnciso 1997). Few studies have 
examined how habitat use changes with season, and those studies tend to be at the 
macrohabitat scale (Pusey et al. 1993; Slavik and Bartos 2001). I f  ontogenic shifts in 
habitat preferences are expected, then habitat preferences should be evaluated separately 
for size classes o f  individual species,. For example, adult fishes prefer deeper waters with 
higher current velocity than juvenile fishes in large rivers (Lamouroux et al. 1999; 
Fladung et al. 2003).
Large connecting channels differ markedly from large rivers in that the 
headwaters are comprised o f large lakes rather than a network o f  tributaries, and because 
water levels and discharge remain relatively stable (Edwards et al. 1989). It has been 
suggested that large rivers are comprised o f both fluvial and lacustrine environments 
(Copp et al. 1994; Grenouillet et al. 2000). This distinction is especially appropriate for 
large connecting channels, where lentic areas exhibit relatively stable water levels and 
current velocities. Therefore, lentic areas o f a large connecting channel are more similar 
to lacustrine environments than lentic areas o f a large river. Thus, large connecting 
channels represent a unique ecosystem (intermediate between large rivers and lakes) for 
which fish-microhabitat associations have not been described.
My primary objective was to explore the microhabitat associations o f  fishes in a 
large connecting channel, the Detroit River. I ask: (1) Do different size classes o f a 
species exhibit similar microhabitat preferences?; (2) Do microhabitat associations of 
individual size classes o f a species vary among seasons?; and, (3) Does the set o f 
microhabitat variables that are important in structuring the fish assemblage vary among 
seasons?
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Methods
Study Site
The Detroit River is located along the M ichigan-Ontario border and connects Lake 
St. Clair to Lake Erie. It is currently considered one o f  42 areas o f concern in the Great 
Lakes l?y the International Joint Commission, and is the first recognized International 
Heritage River (Hartig 2003). Excluding the upper Great Lakes drainage, the Detroit
j r
River drains over 2000 km through its tributaries, including the Rouge and Ecorse rivers 
in Michigan, and Little River, Turkey Creek, and River Canard in Ontario (Detroit River 
Canadian Cleanup Committee 1999). Average flushing time and discharge are 19 h and 
5300 m3/sec, respectively, although these rates can vary greatly due to seiches in Lake 
Erie that temporarily raise downstream water levels above those in Lake St. Clair 
(Edwards et al. 1989; Bolsenga and H erdendorf 1993). Shipping channels are maintained 
in the Detroit River by annual dredging (Manny and Kenaga, 1991). The main channel 
remains ice-free throughout most o f the*winter, although ice jam s frequently occur in 
March (Bolsenga and Herdendorf 1993). The American shoreline has been heavily 
modified, to the extent that macrophytes are extremely sparse (Schloesser et al. 1985), 
and while pollution levels in most shallow Ontario waters are comparable to Lake Erie, 
fishes found along the downstream Michigan shoreline are heavily contaminated 
compared to fishes along the downstream Ontario shoreline (Suns et al. 1985; Leadley et 
al. 1998; M etcalfe et al. 2000). A more detailed review o f the river and associated human 
activities is available in Manny and Kenaga (1991).
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Site Selection
Sixty sites were selected from the shallow (< 2.5 m) Canadian waters o f the
i
Detroit River. A polygon shapefile (14.4 km2), including all shallow, permanent, 
Canadian waters o f  the river, was created using ArcM ap 8.3 (ESRI 2002). Tributary 
confluence regions were removed prior to site selection to avoid sampling non-resident 
fishes. Marinas and other small inlets were also removed, as small channel width and 
increased depth prohibited proper seine net use. A polyline shapefile was created that 
included all permanent shorelines adjacent to potential shallow water sampling areas, and 
the river was divided into inshore and offshore areas by a 15 m buffer along the polyline. 
The UTM coordinates o f 30 offshore sites were plotted, and another 30 sites were plotted 
along shore using randomization macros in ArcMap. To reduce the effects o f spatial 
autocorrelation, a minimum distance o f  200 m between sites was arbitrarily selected.
Sites were verified in the field, and inappropriate points (e.g. deep water, high current 
velocity) were replaced with other randomly selected sites.
Fish Sampling
Fishes were sampled in May (spring), July (summer), and September (fall) by boat 
seining, as this technique is effective at capturing high fish species richness (Chapter 1). 
The seine net was hauled over the side o f the boat at both inshore and offshore sites, to 
ensure equal sampling efficiency between inshore and offshore sites. Five replicate hauls 
were taken for each sample (site and season). If  a new species was discovered on the 
fourth or fifth haul, two additional hauls were taken. This process continued until two 
hauls were completed without capturing a new species for the sample. All fishes were 
identified to species and up to 30 individuals o f each species were measured (total length)
42
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
for each sample. Fishes were released alive, except for vouchers which were anesthetised 
with clove oil and fixed with 10 % formalin.
Microhabitat Measurements
The most commonly measured variables, based on a review o f 20 recent papers on 
fish-microhabitat associations in large rivers, were in descending order: depth, current 
velocity, macrophytes, substrate, temperature, turbidity, cover, and distance from shore 
(Appendix 3). O f these, I measured all but cover, as coarse woody debris and other forms 
o f cover were rarely found in the Detroit River. W ater temperature, turbidity, and current 
velocity were measured at each sample site. Turbidity was measured using a Secchi disk 
(deep water) and a turbidity tube (shallow water). Current velocity (Z21 Ott current 
meter) was measured at 0.2 % and 0.8 % o f the water column at sites with a mean depth 
o f < 1 m. In depths o f  1 m or greater, current velocity was measured 1 m below the 
surface. The percent cover o f  each taxonomic group o f macrophytes and filamentous 
algae was estimated visually. Where turbidity made visual estimation difficult, percent 
cover estimates were made using macrophytes and algae attached to the anchor or in the 
net.
Depth and substrate were measured once for each site in August 2004, and historic 
water level data for Lake St. Clair (Canadian Hydrographic Service 2005) were used to 
correct depth measurements by season. Depth was measured to the nearest 0.05 m using 
markings on the seine brail. At inshore sites, depth measurements were taken at 0, 1 ,3 ,6 , 
9, 12, and 15 m intervals perpendicular to the shoreline. Multiple depth readings were 
taken at a 15 m radius from the centroid o f offshore sites, and the minimum and 
maximum depths were recorded. Percent composition o f substrate classes were estimated
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in the field using a combination o f Ekman grab samples, visual estimates and underwater 
video. Substrate type estimates were supplemented by manual prodding o f  the channel 
bottom using the seine brail, and by examination o f  sediments attached to the anchor. 
Substrate classes were defined according to the W entworth scale as coarse (boulder to 
gravel, > 2 mm), sand (very coarse sand to fine sand, 2 mm -  0.075 mm) and fine (very 
fine sand to clay, < 0.075 mm).
A nalysis
Fish Data Preparation
Length-frequency distributions were used to differentiate small (young) from larger 
(older) fishes for each species. Reported lengths (Scott and Crossman 1979) were used 
when insufficient data were available to create reliable length-frequency histograms. 
Three species, spotfin shiner (scientific and common names according to Nelson et al. 
(2004), scientific names provided in Appendix 1), round goby, and tubenose goby, 
exhibited normally distributed length-frequencies and were, therefore, considered a single 
size class. Few YOY were found during spring, however, age 1 individuals were distinct 
in length from other age classes. Spring age 1 individuals were similar in size to YOY 
found in the preceding fall (2004), suggesting that little growth had occurred over winter. 
Therefore, the ‘small’ size class represents yearlings in the spring and YOY in the 
summer and fall seasons. Small and larger fishes o f the same species are considered 
separate dependent variables, and will henceforth be referred to as size classes.
Size classes found in less than 5 % o f the samples in a season were considered 
uncommon and excluded from analysis (Gauch 1982) rather than downweighted (ter 
Braak and Smilauer 1998), as chance occurrences may not accurately reflect habitat
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preferences. Beta diversity (/?„,) was calculated for each season, as /?,,, = (Sc/S) -  1, where 
Sc is the sum o f common size classes (small or larger fish o f a species), and S  is the mean 
o f common size classes per site (W hittaker 1972). The presence/absence o f size classes 
was used for analyses as beta diversity was high (>5) in each season (McCune and Grace
2002).' Additionally, collection methods were designed to sample the presence/absence o f 
species for a site rather than the total abundance, as the efficiency o f  seine netting differs 
with the presence o f  aquatic macrophytes or boulders, and by species (Pierce et al. 1990; 
Bayley and Herendeen 2000). Sample outliers, identified using Euclidean distance from 
other samples, were removed if  their distance exceeded 2.5 deviations from the mean 
distance.
M icrohabitat Data Preparation
Turbidity tube values were used at shallow sites, when the Secchi disk was 
observed on the substrate. Conversely, Secchi disk readings were used at deeper sites 
with low turbidity, where turbidity tube readings reached a maximum o f 120 cm. Where 
possible, missing or maximum turbidity tube values were calculated from Secchi disk 
values, using simple linear regression between all corresponding Secchi disk and turbidity 
tube measurements (Turbidity = 19.8 + 0.48 * Secchi Disk, R2 = 0.63, p<0.001).
Although macrophyte density may be an inadequate measure o f littoral zone habitat 
(Chick and M clvor 1994), few studies o f fish habitat in large rivers stress the importance 
o f  macrophytes or distinguish between types (Grenouillet et al. 2000). The 
morphological structure o f aquatic macrophytes affects the quality o f habitat provided to 
fishes and their prey (Dionne and Folt 1991; Chick and Mcivor 1994; Petry, Bayley et al.
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2003); therefore, I grouped macrophytes according to whether their morphological 
structure was simple or complex. A separate variable was used to represent the percent
i
cover o f filamentous algae. Bottom slope was calculated for offshore sites as (D a)/15 m, 
where D a = maximum depth and Dj = minimum depth. For inshore sites, slope was 
calculated as (D a-  Do)/d, where Do = the depth at 0 m, and d  = the distance from shore at 
which the maximum depth was initially reached (3-15 m). Proportional variables 
(macrophyte and substrate classes, slope) were arcsine squareroot transformed, while all 
other variables were log+1 transformed to improve normality (McCune and Grace 2002).
Principal components analyses (PCA) based on a correlation matrix were 
performed on microhabitat variables for all seasons combined using PC-ORD 4.14 
(McCune and Mefford 1999). An exploratory PCA scatterplot showed that inshore and 
offshore samples were separated in multivariate space (even when distance from shore 
was not included as a variable), suggesting that inshore microhabitats were distinct from 
those found offshore (Chapter 3). Therefore, inshore and offshore samples were analysed 
separately.
Species-Microhabitat Relationships
The relationship between size classes and microhabitat variables was explored 
with Canonical Correspondence Analysis (CCA), using CANOCO 4.53 (Ter Braak and 
Smilauer 2004). CCA is a direct gradient technique that ordinates sites by seeking to 
maximise the correlation between species composition and environmental data. An 
exploratory CCA showed that season had a very strong effect on ordination structure; 
therefore, each season was analyzed separately. For all analyses, 1 chose biplot scaling 
focused on inter-species distances, and manual stepwise selection o f environmental
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variables. Monte Carlo permutations (9999 permutations) were used to test the stepwise 
significance o f adding microhabitat variables to the model and, therefore, their 
importance in determining the size class data (Ter Braak and Smilauer 1998). Variables 
were considered important and retained if  the p-value was < 0.05. The significance o f  all 
axes combined was evaluated using 9999 Monte Carlo permutations.
Seasonal Microhabitat Use
A subset o f  size classes common in all three seasons was used to test the null 
hypothesis that microhabitat variables, important in structuring the fish assemblage, do 
not differ among seasons. Size classes common only in one season may prefer unique 
habitats and, therefore, influence which microhabitat variables are identified as important 
for that season. Forward selection o f environmental variables in CANOCO was used to 
identify which microhabitat variables were important in determining size class data for 
each season. Monte Carlo permutation tests were used to determine the stepwise 
significance o f adding variables to the model, by permuting the residuals from the 
reduced model 9999 times to reduce the possibility o f  type I errors (Ter Braak and 




A total o f 30,943 fishes (16 families, 46 species) was captured in 1141 seine hauls. 
There were 19,657 fishes (15 families, 41 species) captured in spring, 6,654 fishes (13 
families, 35 species) captured in summer, and 4,632 fishes (13 families and 33 species)
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captured in fall. The high number o f fishes captured in the spring is explained by the high 
relative abundance (78 %) o f  spawning emerald shiners. No species exhibited such
i
strong numerical dominance in the summer or fall. A total o f 31 (representing 24 
species), 28, (24 species) and 30 (19 species) size classes was common in the spring, 
summer and fall respectively, although the set o f  common size classes varied 
considerably with season (Table 2.1).
Microhabitat Variables
M easurements o f water temperature (11 to 27 °C), turbidity tube (17 to 120 cm), 
Secchi disk (15 to 225 cm), current velocity (0-1.4 m/s), mean depth (32.7 to 254 cm), 
and slope (0 to 23.3%) varied throughout the sampling period. W ater levels did not vary 
by more than 15 cm among seasons. Each substrate class varied between 0 and 100 % 
composition.
Macrophytes found included bulrush (Scirpus spp.), coontail (Ceratophyllum  
demersum), elodea (Elodea canadensis), milfoil (Myriophyllum  spp.), pondweeds 
(Potamogeton amplifolius, Potamogeton crispus, Potamogeton richardsonii), stonewart 
(Chara spp.), water-stargrass (Heteranthera dubia), waterlily (Nymphaea spp.), and wild 
celery ( Vallisneria americana). Two morphological groups were identified: simple 
macrophytes (wild celery and water stargrass) with grass-like, long, narrow leaves; and, 
complex macrophytes (coontail, elodea, milfoil, pondweed) with branching stems, and 
feather-like or linear leaves (Janecek 1988). Chara spp. was not included in analyses, as 
this low-lying macrophyte was difficult to estimate through the turbid water o f most sites.
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Table 2.1 -  Seasonal CCA results, including biplot scores for microhabitat variables and 
species size classes. Size class codes are defined in Appendix 2. Codes followed by ‘s’ 
represent small size classes, while those followed by ‘b ’ represent larger size classes, and 
those followed by ‘c ’ represent species with combined size classes. Size classes that were 
absent or uncommon for a given season are denoted by ‘- \
Spring Summer Fall
! Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2
Eigenvalues 024 0 1 3  023  017  020  013
Species-environment correlations 0.80 0.77 0.81 0.73 0.79 0.79
Cumulative percentage variance
Of species data 8.0 12.2 7.8' 13.3 7.8 12.7
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LUCHb 0.02 -0.16 0.47 -0.92 -0.61 0.84
LUCHs 0.33 -0.50 -0.11 -0.71 - -
NOATb -0.26 0.05 0.15 0.12 -0.28 0.07
NOATs -1.06 0.59 - - -0.35 0.06
NOBIb 0.31 0.19 -0.34 -0.78 -0.23 -0.23
NOBIs 1.25 0.86 - - 0.60 -0.35
NOCRb - - -1.61 0.43 - -
NOCRs - - -0.99 0.05 - -
NOHUb -0.13 -0.14 0.33 -0.07 -0.21 -0.22
NOHUs - - 0.16 0.29 -0.06 -0.24
NOSTb -0.30 -0.72 - - - -
NOVOb -0.12 0.00 0.47 -0.15 -0.19 -0.09
NOVOs - - - - -0.05 -0.71
PINOb 0.23 -0.13 -0.23 -0.23 0.07 0.09
PINOs - - - - 0.73 0.65
PIPRb -1.04 0.17 - - - -
CACOb 0.14 0.48 - - - -
OSMOb -0.23 0.07 - - - -
PEOMb 0.07 0.55 - - - -
LASIb -0.64 0.83 0.08 -0.30 - -
MOAMb -1.45 1.30 - - - -
MOAMs -0.69 0.29 0.33 0.55 - -
MOCHs - - 0.21 0.97 - -
AMRUb 0.88 0.00 -0.62 0.08 0.48 -0.19
AMRUs 1.63 0.74 -1.27 0.07 0.37 -0.31
LEGIb 1.15 -0.02 -0.60 -0.73 1.20 0.53
LEGIs 1.41 0.94 - - 0.47 -0.25
LEMAb 0.79 -0.56 -0.88 0.12 0.89 -0.06
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LEMAs - - - - 0.75 0.39
MIDOb 0.18 -0.05 1.47 -0.33 - -
Ml DOs - - 0.25 0.46 -0.42 0.77
MISAb 0.76 0.19 -0.63 0.11 0.67 0.93
MISAs - - -0.83 -0.06 0.53 0.08
PONIs ' - - - 1.23 -0.09
ETNIb 0.15 -0.79 - - - -
PECAb - - - - -0.65 0.19
PEFLb 0.29 0.10 0.04 -0.23 0.08 -0.27
PEFLs 0.00 0.04 -0.28 0.13 -0.06 -0.31
NEMEc -0.48 0.05 0.79 -0.30 -0.44 0.40
PRMAc -0.82 0.53 0.51 0.22 0.56 0.50
Sum of common size classes by season 31 28 30
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Emergent vegetation (bulrush and waterlily) was not included in analyses, as it was only 
present at a small num ber o f  geographically distinct sites.
PCA : Only the first two axes o f  the inshore and offshore ordinations were 
interpreted, as these explained the greatest amount (inshore axis one -  24.7%, axis two -  
21.1%; offshore axis one -  27.4%, axis two -  15.0%) o f  variability (Table 2.2). No 
strong seasonal patterns in microhabitat variables were observed at inshore or offshore 
sites, as seasons were not separate in multivariate space (Figure 2.1). The first inshore 
axis described an increasing gradient between deep sites with complex macrophytes and 
sandy beaches (Figure 2.1a). The second axis described a gradient between sites with 
high current velocity, high turbidity, and coarse substrate, and calm sites with clear water, 
fine substrate, and simple macrophytes. The first offshore axis described a gradient 
between deep, calm sites with fine substrate and complex macrophytes, and sites with 
coarse substrates and high flow (Figure 2.1b). The second axis described an increasing 
gradient between sites with sandy substrate and simple macrophytes, and sites with 
filamentous algae.
CCA : When combined, all axes explained significantly more o f  the variation in 
the fish-microhabitat data than expected by chance (p < 0.001) for each season. Only the 
first two axes are presented for each season, as they explained the majority o f the variance 
in the size class-microhabitat relationship (Table 2.1). The first two axes o f the spring 
CCA ordination explained 65% o f the variance in the size class-microhabitat relationship. 
The first axis primarily described an increasing gradient between sites with filamentous 
algae and fine substrate sites with complex macrophytes. Depth had a high, positive 
loading on the second axis. The first two axes of the summer CCA ordination explained 
68% o f the variance in the size class-microhabitat relationship. The first axis described
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Table 2.2 -  Microhabitat PCA results, including eigenvectors for microhabitat variables. 
Data from all seasons were combined and inshore/offshore sites were analyzed separately.
Inshore Offshore
Axis 1 Axis 2 Axis 1 Axis 2
Eigenvalue 2.72 2.32 3.01 1.65
Cumulative percentage variance 24.7 45.8 27.4 42.4
Microhabitat Variables
Turbidity -0.26 -0.34 -0.21 0.13
Current velocity 0.10 -0.42 0.32 0.12
Water temperature -0.10 0.19 ' -0.20 -0.33
Depth -0.42 -0.11 -0.40 0.10
Slope -0.44 -0.13 -0.12 0.24
Fine substrate -0.23 0.49 -0.39 -0.06
Sand substrate 0.42 0.07 0.37 -0.41
Coarse substrate -0.20 -0.52 0.35 0.28
Complex macrophytes -0.41 0.17 -0.45 0.15
Simple macrophytes -0.25 0.31 -0.16 -0.51
Filamentous algae 0.22 -0.05 0.02 0.51
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Figure 2.1 -  Scatterplots o f inshore (a) and offshore (b) samples across PCA axes 1 and 2 
(n = 90). Variables with the most positive and negative loadings on axis 1 and 2 are 
shown. Seasons are denoted by •  (spring), A (summer), and *  (Fall).
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an increasing gradient between offshore sites with simple or complex macrophytes, and 
non-vegetated inshore sites. The second axis described an increasing gradient between 
shallow, turbid sites and deep, clear sites. The first two axes o f  the fall CCA ordination 
explained 72% o f  the variance in the size class-microhabitat relationship. The first axis 
described an increasing gradient between sites with high current velocity and sites with 
complex macrophytes. Depth and fine substrates were highly negatively loaded on the 
second axis.
Microhabitat Selection by Size Class
In spring, small and larger fish o f  the same species had similar habitat preferences, 
while preferences differed markedly among species (Figure 2.2). With the exception o f 
yellow perch and white perch, small fish were more strongly associated with microhabitat 
variables than larger fish o f the same species. For example, small rock bass ere more 
strongly associated with complex macrophytes than larger conspecifics.
In summer, many small fishes had different habitat preferences from those o f larger 
conspecifics, but no pattern was observed among species. Small centrarchids and striped 
shiner preferred deeper sites with more macrophytes than larger fishes o f  the same 
species (Figure 2.3). Small gizzard shad and white bass had a strong preference for sites 
with low turbidity. Small golden shiner and smallmouth bass were less strongly 
associated with microhabitat variables than larger conspecifics.
In fall, many small and larger fish o f the same species (yellow perch, emerald 
shiner and spottail shiner) were not strongly correlated to any variable (Figure 2.4).
Larger centrarchids had different habitat requirements to small fishes o f the same species; 
however, no directional pattern was observed. Other species showed stronger
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Figure 2.2 -  Spring CCA biplots o f size class-microhabitat correlations. Axes 1 and 2 are 
shown. Size class codes are defined in Appendix 2 and Table 2.1.
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Figure 2.3 -  Summer CCA biplots o f  size class-microhabitat correlations. Axes 1 and 2 
are shown. Size class codes are defined in Appendix 2 and Table 2.1.
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Figure 2.4 -  Fall CCA biplots o f size class-microhabitat correlation. Axes 1 and 2 are 
shown. Size class codes are defined in Appendix 2 and Table 2.1.
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microhabitat preferences for smaller individuals. For example, small mimic shiner 
preferred deeper sites with lower current velocity and finer substrate than larger 
conspecifics, while small homyhead chub and bluntnose m innow had stronger 
preferences for complex macrophytes than larger fishes o f  the same species.
Seasonal Effects
Habitat-associations did not differ among seasons for most size-classes. In all 
seasons, two species (larger mimic shiner, round goby) avoided complex macrophytes, 
while spotfin shiner preferred shallow water. The only species exhibiting opposite habitat 
preferences among seasons were: larger bluegill, which associated negatively with 
complex macrophytes and depth in the spring, but were strongly and positively associated 
with these variables in the fall; larger largemouth bass, which associated negatively with 
complex macrophytes in the summer, and positively in the fall; and, tubenose goby, 
which was strongly negatively associated with complex macrophytes in the spring and 
summer, but positively associated with complex macrophytes in the fall. One trend in 
habitat use shifts was observed; many common larger size classes (rock bass, 
pumpkinseed, spottail shiner, mimic shiner, emerald shiner, and yellow perch) showed a 
preference for greater depths in the fall.
O f the 43 size classes common to at least one season, only 17 were common in all 
seasons. Forward selection o f environmental variables in three CCA ordinations revealed 
that, in all seasons, complex macrophytes were the most important variable in structuring 
fish data (Table 2.3). Depth ranked second in spring and summer, and third in fall; 
however, no other variable was significant in all three seasons. Filamentous algae and
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Table 2.3 -  Seasonal rank importance o f microhabitat variables in structuring fish 
assemblages, determined by forward selection in CCA o f size classes common in all 
seasons. Significance was tested by 9999 Monte Carlo permutations (denoted by * for p 
< 0.05, and ** for p < 0.01).
Microhabitat Variable Spring Summer Fall
Complex macrophytes #| ** «| ** •<| *★
Depth 2** 2** 3*
Turbidity 7 4* 5
Fine substrate 4* 12 2**
Slope 6* 6* 6
Current velocity 11 3* 4*
Coarse substrate 3* 8 10
Filamentous algae 5* 7 11
Simple macrophytes 8 11 7
Distance from shore 9 5* 12
Water temperature 10 9 8
Sand substrate 12 10 ' 9
60
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
coarse substrate were significant only in spring; whereas, turbidity and distance from 
shore were only significant in summer.
Discussion
Microhabitat
Although inshore microhabitats were notably different from those found offshore, 
no other distinct habitats were delineated by PCA ordination (Figure 2.1). Rather, 
microhabitats appear to exist along continuous gradients in the shallow Canadian waters 
o f the Detroit River. For example, calm sites with fine substrates and macrophytes did 
not cluster separately in ordination space from sites with coarse substrates and high flow. 
Instead, intermediate sites existed with some macrophytes, coarser substrates and 
moderate flow. In conjunction with macrophytes, physical factors such as depth, flow, 
and substrate were most strongly correlated with fish assemblages in the Detroit River. 
Fishes associate more strongly with the biological and physical features o f  a site than with 
physicochemical features in a large river environment (Lobb and Orth 1991; Cantu and 
W inemiller 1997; Grenouillet et al. 2000; Fladung et al. 2003). Although water level 
affects fish distributions in large rivers (Fladung et al. 2003; Barko et al. 2004), changes 
in river elevation were minor and likely had little effect on fishes in the relatively stable 
environment o f the Detroit River. Fishes associate strongly with cover in large rivers 
(Copp et al. 1994; Lehtinen et al. 1997); however, complex woody debris was virtually 
absent from my sites. As much o f the riparian zone o f the Detroit River is urbanized, 
armoured, or comprised o f wetlands, such cover was unavailable. Fishes were more 
strongly associated with depth than anticipated, as I examined only shallow waters and 
not the full range o f  available depths (Jackson et al. 2001). Many deeper areas had finer
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substrates and, therefore, supported macrophyte growth. Although some young fishes 
may have used shallow depths as a refuge from predators (Schlosser 1987), it is more
i
likely that depth was a proximate variable for multiple, variables. Fishes that associated 
' with fine substrates also tended to associate strongly with macrophytes. However, several 
fishes such as round goby and young smallmouth bass had negative associations with fine 
substrates, likely indicating a preference for cover provided by coarser substrates.
Macrophytes exhibit a strong seasonal pattern in the Detroit River, where they 
begin to grow between April and June, and senesce in November (Schloesser et al. 1985). 
Despite being less abundant in spring (Figure 2.1), macrophytes with complex 
morphology affected fish distributions in all seasons. This corroborates findings from 
other studies examining large river environments with abundant macrophytes (Grenouillet 
et al. 2000; Petry et al. 2003). Young fishes associate with aquatic macrophytes, which 
provide protection from predation and better foraging opportunities (Rozas and Odum 
1988). Although experimental studies have shown that fishes prefer areas o f  intermediate 
macrophyte density due to increased foraging success (Crowder and Cooper 1982), 
results from field studies have shown higher fish abundances may occur in areas o f either 
dense (Killgore et al. 1989; W eaver et al. 1997; Petry et al. 2003) or intermediate 
macrophyte density (Killgore et al. 1989; Grenouillet et al. 2000). The structural 
complexity o f macrophytes may play a stronger role than macrophyte density in 
determining fish distributions. The quality o f cover provided varies with macrophyte 
species, as does the abundance o f associated prey items; therefore, different species 
provide unique microhabitats for fishes (Dionne and Folt 1991; Grenouillet et al. 2000). I 
found that many fishes were more strongly associated with complex macrophytes than 
simple ones, in contrast to Grenouillet et al. (2001), who found that fish assemblages did
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not differ with macrophyte type in a large river in France. Compared to other large rivers, 
fishes in the Detroit River may relate more strongly to complex macrophytes due to the 
low availability o f  more permanent cover.
Ontog£nic Shifts in Microhabitat Selection
In contrast with other studies o f size-related habitat use (Grossman et al. 1987; 
Lamouroux et al. 1999; Fladung, Scholten et al. 2003), larger fishes did not prefer deeper 
habitats than small fishes o f the same species. This may be an artefact o f  sampling design 
and analysis, rather than a true representation o f  life history patterns. In the Detroit River, 
many young fishes associated strongly with complex macrophytes, which were positively 
associated with depth. The limited range o f depths examined made detecting 
relationships difficult, and larger fishes may prefer much deeper (i.e. channel) rather than 
marginally deeper habitats (Wolter and Bischoff 2001). Finally, I separated the youngest 
age class in a given season from older fishes; however, age 1 or age 2 juveniles o f  longer- 
lived species, such as bluegill, may have more similar habitat requirements to YOY than 
to adults (W em er and Hall 1988), confounding the habitat associations o f  larger fishes.
Although small fishes generally associated more strongly with microhabitat 
variables than larger conspecifics (especially in the spring) in the Detroit River, results 
were mixed among seasons. Others (e.g. Grossman et al. 1987; Reichard et al. 2002) have 
found that younger fishes are more strongly associated with microhabitat variables than 
adults in large rivers; however, Grenouillet and Pont (2001) observed the opposite trend 
in large river macrophyte beds. They described juvenile fishes as widespread within 
macrophyte beds, relating weakly to secondary (after macrophyte presence) variables. I 
attribute stronger microhabitat associations for small fishes to predator avoidance. Small
63
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
size classes, and small species (those not separated into size classes) were often linked to 
cover in the form o f shallow water (spotfin shiner), coarse substrate (round goby, young 
smallmouth bass), or complex macrophytes (hornyhead chub, bluntnose minnow, most 
centrarchids).
Seasonal M icrohabitat Selection
Habitat preferences were similar among seasons for each size class, with few 
exceptions. Larger bluegill likely preferred shallow areas with fine substrate as spawning 
grounds in the spring (Scott and Crossman 1979). Likewise, emerald shiner was 
tremendously abundant at inshore sites in the spring, although the analysis o f  only 
presence-absence data was not sensitive to this pattern. The trend for adult fishes to 
prefer slightly deeper habitats in the fall supports my suggestion that combining size 
classes confounded the determination o f adult habitat preference. Juvenile fishes 
dominated the 'larger' size class for most species. As juveniles grew from summer to fall, 
they likely displayed increasingly adult habitat preferences (e.g. deeper water). For 
individual species, habitat preferences appear to shift more strongly with size than with 
season, again indicating that cover is the most important consideration for young fishes. 
An examination o f habitat use in early spring, late fall or winter could reveal greater shifts 
in habitat use than were observed among the warmer months.
By comparing fish-microhabitat associations among seasons using only size 
classes common in all seasons, I address the question, “Do the variables that are 
important in structuring the fish assemblage change with season?”, while controlling for 
variation due to differences in species composition. Complex macrophytes and depth 
were highly important in structuring the fish assemblage in all seasons. The set o f
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variables explaining additional variation changed with season, e.g. filamentous algae was 
only important in spring, providing shelter and food at a time when macrophytes were 
less abundant.
My results uphold the delineation o f large connecting channels into lotic and 
lentic habitats; calm littoral habitats with fine substrates and macrophytes supported 
different fishes than open, flowing waters over coarse substrates in all seasons. The 
importance o f  complex macrophytes is clear; however, fishes use an array o f 
microhabitats in the Detroit River, and habitat heterogeneity is essential in promoting a 
diverse fish assemblage. Therefore, maintaining habitat heterogeneity should be a 
priority for managers, developers and conservationists planning restoration or 
development projects along the river.
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Chapter 3 -  Large-scale spatial and temporal variation in the shallow water fish 




I examined seasonal, large-scale variation in fish-habitat associations in shallow 
Canadian waters o f  the Detroit River. Fishes were sampled by seine net at 60 sites in 
May (spring), July (summer), and September (fall) o f  2004. Sites were selected in both 
inshore and offshore areas. The river was divided into three segments (upstream, middle, 
and downstream) representing areas o f shallow water habitat separated by wide 
hydrologic barriers o f  deep, flowing water. In spring, higher fish species richness and 
abundance were found inshore, and assemblages differed between inshore and offshore 
sites, with many small fishes found inshore. Fishes likely avoided offshore areas in 
spring, when cover (in the form o f macrophytes) was unavailable and, additionally, 
spawned along the shoreline. Assemblages differed only slightly between inshore and 
offshore sites in summer, and did not differ between these areas in fall. Richness and 
abundance did not differ among segments; however, the upstream fish assemblage was 
distinct from the middle and downstream assemblages, which only differed slightly in 
summer and fall. Inshore sites in the middle segment had the highest richness and 
abundance in spring, and the only species at risk (pugnose shiner, buffalo fry, spotted 
sucker) were found in a wetland in the middle segment. The greater dispersion o f middle 
segment samples in multivariate space implies that more diverse assemblages were found 
there. High diversity, and the greater richness and abundance in spring, suggests that the
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expansive wetlands in the middle segment represented important fish habitat in the 
Detroit River.
Introduction
Large rivers have received increased attention in the past decade; however, little 
research has been done on fish habitat preferences in large connecting channels (but see 
Leslie and Timmins 1991; Caswell et al. 2004). Large connecting channels are typically 
regulated by large upstream lakes, resulting in relatively stable water levels and current 
velocities (Edwards et al. 1989). The Detroit River, a large connecting channel between 
Lake St. Clair and Lake Erie, has been heavily modified by bank hardening and extensive 
channel dredging (Manny 2003). In addition to stable water levels and current velocities, 
the Detroit R iver is distinguished from other large rivers by expansive shallow flats that 
extend from the shoreline to a steep channel edge.
Studies o f  large river fish assemblages are often restricted to shoreline fishes (e.g. 
(Madejczyk et al. 1998; Jurajda 1999) or compare shoreline assemblages to those found 
in the main channel (e.g. W olter and Bischoff 2001; Stewart et al. 2002). Shallow 
offshore habitats are often ignored, likely because methods for sampling large rivers were 
limited (Garner 1997). However, the development o f PAS by electrofishing (Nelva et al. 
1979; Persat and Copp 1990) has led to the inclusion o f offshore shallow waters in studies 
o f fish-habitat associations (e.g. Gozlan et al. 1998; Bischoff and W olter 2001). Distance 
from shore is generally treated as a microhabitat variable, and there has been no large 
scale comparison o f  offshore and inshore (i.e. along the shoreline) shallow water fish 
assemblages. Inshore areas may contain woody debris, shade and undercut banks (Pusey 
and Arthington 2003), providing cover that is generally unavailable offshore. Therefore,
I predict that inshore sites will have higher species richness and abundance than offshore 
sites.
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Large rivers are often divided into segments; however, segment sizes vary. Emery 
et al. (2003) studied 500 m reaches o f the Ohio river, whereas others have considered 
entire impounded sections or riverine/lacustrine sections as distinct hydrographical units 
(e.g. Haxton 2003; Pegg and McClelland 2004; Leclerc and DesGranges 2005). There 
are no Impoundments or other barriers (such as rapids) in the Detroit River that can be 
used to define distinct hydrographical units. However, Leslie and Timmins (1991) 
suggested that the deep, flowing waters o f the navigation channel in the St. Clair River 
may act as a hydrologic barrier, preventing larval clupeids from migrating between 
shoreline and island habitats. The shallow flats in the Detroit River can be separated into 
three distinct segments by large expanses o f deep, flowing water, which may act as a 
migratory barrier to small fishes. Conversely, larger fishes are known to use the Detroit 
River as a migration route, spawning upstream in Lake St. Clair, and using the river as a 
nursery while drifting downstream to Lake Erie (Haas et al. 1985; Hatcher et al. 1991). 
Therefore, it is possible that each segment o f shallow water habitat supports a different 
fish assemblage, and plays a unique role in the life-history o f migratory fishes.
My objective was to examine seasonal macrohabitat use in a large connecting 
channel. I tested the null hypotheses that fish species richness, abundance, and 
assemblages do not differ between inshore and offshore areas or among river segments.
Methods
Study Site
The 51 km Detroit River connects Lake St. Clair to Lake Erie. Two distinct 
upstream and downstream segments are commonly recognized in the river (Haas et al. 
1985; Hatcher et al. 1991; Manny and Kenaga 1991; Bolsenga and Herdendorf 1993).
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The upstream segment drops 0.3 m over 21 km and, with the exception Peche and Belle 
isle region, is characterized by a single channel with steep banks, channel widths o f  600
i
to 1000 m, depths o f  9 -  15 m, and a mean current velocity o f 1.6 m/s. Little River is the 
main Canadian tributary to the upstream segment o f  the Detroit River. The lower 30 km 
is 1500 to 6000 m wide, with braided channels (depths o f < 9 m, mean current velocity o f 
1.2 m/s) and broad shallow flats (depths o f 1.5 -  2.5 m, low to no current).
1 separated Canadian waters in the lower 30 km into two segments (middle and 
downstream), separated by deeper waters with high current velocity. The middle segment 
o f the Detroit River is bounded by tributaries; Turkey Creek to the north, and the River 
Canard to the south. The downstream segment is comprised o f Crystal Bay, the waters 
surrounding Bois Blanc Island, and the area adjacent to Lake Erie. Additional 
information on the Detroit River is available in Chapter 2, and M anny and Kenaga 
(1991).
Site Selection
Sixty sites were selected from the shallow (< 2.5 m) Canadian waters o f the Detroit 
River (Figure 3.1). A polygon shapefile including all shallow, permanent waters o f the 
river was created using ArcMap 8.3 (ESRI 2002). Tributary confluence regions were 
removed from the shapefile prior to site selection to avoid sampling non-resident fishes. 
Marinas and other small inlets also were removed, as small channel width and increased 
depth prohibited proper seine net use. A polyline shapefile was created that included all 
permanent shorelines adjacent to potential shallow water sampling areas, and the river 
was divided into inshore and offshore areas by a 15 m buffer along the polyline.
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? Inshore ? Offshore 
Middle Segment 
? Inshore I Offshore 
Downstream Segment
? Inshore ? Offshore
Figure 3.1 -  Distribution o f inshore and offshore sampling sites across three river 
segments in shallow Canadian waters o f the Detroit River.
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To reduce the effects o f  spatial autocorrelation, a minimum distance o f  200 m between 
sites was arbitrarily selected.
i
The amount o f  shallow-water habitat differed markedly among segments (1.2 km
9 9upstream, 9.1 km middle, 4.1 km downstream). Sites were selected in proportion to 
habitat availability, while ensuring sufficient samples size in each segment. The UTM 
coordinates o f  30 offshore sites were plotted, and another 30 inshore sites were plotted 
using random ization macros in ArcMap. O f the 60 sites, 16 (8 inshore, 8 offshore) were 
in the upstream segment, 24 (12 inshore, 12 offshore) were in the middle segment, and 20 
(10 inshore, 10 offshore) were in the downstream segment, therefore creating a stratified 
random sampling design. Sites were verified in the field to ensure that microhabitats 
were equally represented among segments. Inappropriate sites (e.g. deep water, high 
current velocity) were replaced with other randomly selected sites.
Fish and M icrohabitat Sampling
Fishes were sampled in May (spring), July (summer), and September (fall) by boat 
seining. M icrohabitat variables were measured at each site to ensure that microhabitats 
were similar among macrohabitats. Microhabitat measurements and fish sampling 
methods are described in detail in Chapter 2.
Analysis
Microhabitat Data
A description o f the methods used to prepare microhabitat data for analysis is 
available in Chapter 2. To determine if  microhabitats differed among segments, or 
between inshore and offshore sites, principal components analysis (PCA) based on a
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correlation matrix was performed on microhabitat variables for all seasons combined 
using PC-ORD 4.14 (McCune and Mefford 1999).
Fish Data
lUethods used to divide fishes into size classes are described in Chapter 2. Small 
and larger fishes o f the same species are considered separate dependent variables, and 
will henceforth be referred to as size classes. Fish species richness and total abundance 
were calculated for each sample. Emerald shiner (scientific and common names 
according to Nelson et al. (2004); scientific names provided in Appendix 1) comprised 
78% of the catch in the spring and, therefore, were removed from the calculation o f total 
abundance for spring samples.
Differences in fish species richness and total abundance were determined separately 
for each season. These variables were tested for normality using the Shapiro-Wilk test, 
and (log+1) or squareroot transformed when non-normal. Two-way factorial ANOVA 
was used to determine if  richness and abundance differed between inshore and offshore 
areas, among segments or among the interaction terms. Sheffe post-hoc tests were 
applied when significant differences were found. These tests were performed using 
Statistica 6.1 (StatSoft, Inc. 2003).
For assemblage analyses, size classes found in less than 5 % o f the samples in a 
season were considered uncommon and excluded from analysis (Gauch 1982) rather than 
downweighted (ter Braak and Smilauer 1998), as chance occurrences may not accurately 
reflect habitat preferences. Beta diversity (/?w) was calculated for each season, as /?„ = 
(Sc/S) -  1, where Sc is the number o f common size classes per season, and *9 is the mean
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number o f common size classes per site (W hittaker 1972). The presence/absence o f  size 
classes was used for analyses as beta diversity was high (>5) in each season, (McCune 
and Grace 2002). Additionally, collection methods were designed to sample the 
presence/absence o f species for a site rather than the total abundance, as seine netting 
differs in efficiency with the presence o f aquatic macrophytes or boulders, and with 
species (Pierce et al. 1990; Bayley and Herendeen 2000). Sample outliers, identified 
using Euclidean distance from other samples, were removed if  their distance exceeded 2.5 
deviations from the mean distance.
For each season, differences in assemblages between inshore and offshore areas and 
among segments were determined by Multi-Response Permutation Procedure (MRPP). 
The nature o f these differences was then examined using Indicator Species Analysis 
(ISA) and Non-metric Multidimensional Scaling (NMS). Sorenson distance was used 
selected for MRPP and NMS analyses. MRPP is a non-parametric method for 
determining if  communities differ among groups o f samples, where significance is tested 
by permutation (Mielke and Berry 2001). ISA calculates an indicator value (IV) for each 
species from the relative frequency o f each species in each group. Species are indicators 
for the group in which they have the highest IV. The significance o f the IVs is 
determined by permutation (10,000 in this case). PC-ORD 4.14 was used for MRPP, ISA 
and NMS tests (McCune and Mefford 1999)
H olm ’s sequentially rejective Bonferroni test was used to maintain a  = 0.05 for 
multiple simultaneous tests (Holm 1979). As unique data were collected for each season, 
Holm’s procedure was applied independently to the combined ANOVA and MRPP 
results by season. Significant p-values were corrected by adjusting to p „ using p \  -  ( k -
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i + l)p i, where k represents the total number o f non-independent tests (by season), and p- 
values have been ranked (/') from largest to smallest. Post-hoc and pair-wise comparisons 




PCA results o f microhabitat data from all seasons combined revealed a distinct 
difference in microhhbitats between inshore and offshore sites (Figure 3.2a), while similar 
microhabitats appeared to exist among segments (Figure 3.2b). Only the first two axes 
are presented, as these explain the greatest amount o f variation (axis 1 - 24.9; axis 2 -  
16.5) in the microhabitat data (Table 3.1). Axis 1 represented an increasing gradient from 
deeper sites with fine substrates to shallow sites with sand and coarse substrates. Current 
velocity loaded negatively on axis 2, while slope and complex macrophytes loaded 
positively.
Fish species richness (p<0.001) and abundance (p<0.05) was higher at inshore sites 
than offshore sites in spring (Figure 3.3 and Table 3.2). The interaction term 
inshore/offshore areas and river segment was also significant for both richness and 
abundance (p<0.05) in spring. Post-hoc analysis demonstrated that inshore sites in the 
middle segment had higher richness than offshore sites in the upstream and middle 
segments, and that offshore sites in the middle segment had lower abundance than inshore 
sites in the middle and downstream segments. No significant differences in richness or 
abundance were found between inshore and offshore sites, among segments, or among the 
interaction terms in summer or fall.
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Figure 3.2 -  Scatterplots o f sample scores across microhabitat PCA axes 1 and 2. 
Microhabitat variables with the most positive and negative loadings on axes 1 and 2 are 
shown. Inshore ♦ and offshore 0 group membership is overlaid in figure 2a. River 
segment membership is overlaid in figure 2b (upstream = middle = •  . downstream = 
A)
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Table 3.1 -  PCA results, including eigenvectors for microhabitat variables. Spring, 
summer and fall microhabitat data were combined for analysis (n = 180).






Current velocity 0.06 -0.39
Water temperature -0.17 0.22
Mean depth -0.44 -0.06
Slope 0.23 0.53
Fine substrate -0.50 -0.16
Sand substrate 0.30 -0.25
Coarse substrate 0.39 0.36
Complex macrophytes -0.34 0.41
Simple macrophytes -0.29 0.14
Filamentous algae 0.13 -0.07
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12 Spring Summer Fall
*
Summer
Figure 3.3 -  Mean (+ S. E.) fish species richness (a) and abundance (b) at inshore and 
offshore sites, and in river segments, for spring, summer and fall samples. Significant 
differences are denoted by *.
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Table 3.2 -  Results from two-way ANOVA o f fish species richness and abundance 
between inshore and offshore sites, and among river segments for spring, summer, and 
fall. Only results that remained significant after correction for multiple tests are reported. 
Sheffe post-hoc results are reported if  the p-value o f an individual comparison was less 




Inshore vs. Offshore 0.00014
Inshore/Offshore * Segment 0.01639
Abundance
Spring ■
Inshore vs. Offshore 0.01561
Inshore/Offshore * Segment 0.04433
Sheffe Post-Hoc Tests p-value
Richness
Spring (Inshore/Offshore * Segment)
Middle Inshore vs. Upstream Offshore 0.007374
Middle Inshore vs. Middle Offshore 0.000033
Abundance
Spring (Inshore/Offshore * Segment)
Middle Inshore vs. Middle Offshore 0.006062
Downstream Inshore vs. Middle Offshore 0.010816
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Results from M RPP analysis showed that inshore sites supported a fish assemblage 
that was distinct from offshore sites in the spring (p<0.001) and summer p<0.05) (Table 
3.3). River segments contained distinct assemblages in1 each season (spring p<0.01; 
summer pO .O Ol, fall p<0.05). Pair-wise comparisons revealed that middle and 
downstream assemblages did not differ in any season. The fish assemblage o f the 
upstream segment was distinct from the downstream segment in all seasons, and was 
distinct from the middle segment in summer and fall.
ISA results corroborated MRPP findings: comparisons with the higher/I values had 
more significant indicator species (Segments generally had more indicator species than 
inshore/offshore sites) (Figure 3.4). Striped shiner was a significant indicator for the 
downstream segment in each season, and round goby was a significant indicator for the 
upstream segment in spring and fall (Table 3.4). Separate NMS ordinations were 
performed for each season (Table 3.5). Only the first two axes were interpreted for each 
season, because I were interested in how the strongest patterns in the Detroit River fish 
assemblage related to large scale variables. Consequently, the difficulty o f reducing 
information on approximately 30 species into two axes resulted in high stress levels for 
each ordination.
In spring, offshore sites scored higher on the first NMS axis, revealing a pattern o f 
larger size classes o f  pelagic fishes (e.g. as emerald shiner, trout-perch and rainbow smelt 
(Figure 3.5a). Inshore and downstream sites scored lower on axis 1, suggesting a 
centrarchid-dominated assemblage (Figure 3.5b). Upstream sites had intermediate scores 
on the first axis, while sites in the middle segment were widespread in NMS space. ISA 
results show different species associated with each habitat than NMS, however strong 
indicator species for a given habitat (Table 3.4) tend to have similar NMS scores to that
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Table 3.3 -  Results from MRPP analysis o f the difference in fish assemblages between 
inshore and offshore sites, and among river segments for spring, summer, and fall. Only 
results that remained significant after correction for multiple tests are reported. Pair-wise 
comparisons o f river segments are reported if  their p-value was less then the corrected a -  
value for that factor. The chance-corrected within-group agreement, A, represents the 





Inshore vs. Offshore 0.075 0.0001
Segment 0.042 0.0084
Summer






Upstream vs. Downstream 0.064 0.0001
Summer (Segment)
Upstream vs. Middle 0.068 0.0001
Upstream vs. Downstream 0.094 0.0001
Fall (Segment)
Upstream vs. Middle 0.035 0.0060
Upstream vs. Downstream 0.038 0.0049
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~  0 .05-
-  Spring -  Inshore/Offshore (6)










-Spring -  River Segment (7)
-  Fall -  River Segment (6)
-Sum m er -  Inshore/Offshore (2) 
NS - Fall -  Inshore/Offshore (1)
Figure 3.4 -  Ordination o f  the number o f significant indicator species based on ^-values. 
The chance-corrected within-group agreement, A, represents the homogeneity o f the 
community within groups (Mielke and Berry 2001). The number o f  significant indicator 
species for a given test is listed in parentheses after the test description. Non-significant 
tests are labelled ‘N S ’.
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Table 3.4 -  ISA results from spring, summer and fall comparisons o f  inshore vs. offshore 
sites, and river segments. Indicator values (IV) are obtained from the relative frequency 
o f each species (or size class) in each habitat type. Only significant indicator species 
were reported. Species codes are defined in Appendix 2. Codes followed by ‘s ’ represent 
small size classes, while those followed by ‘b ’ represent larger size classes, and those 
followed by ‘c ’ represent species with combined size classes.







ETNIb Inshore 37.9 0.0001
LUCHb Inshore 41.9 0.0006
LUCHs Inshore 31.7 0.0113
NEMEc Inshore 46.5 0.0161
NOVOb Inshore 55.3 0.0046
PINOb Inshore 47.8 0.0009
NEMEc Upstream 45.4 0.0028
MISAb Middle 16.7 0.038
PIPRb Middle 16.7 0.0374
CYSPc Middle 20.2 0.0434
LUCHb Downstream 26.7 0.0457
LUCHs Downstream 32.6 0.0059
NOBIb Downstream 23.5 0.0113
CYSPc Inshore 50 0.0001
NOVOb Offshore 39.4 0.0317
DOCEs Upstream 46.9 0.0001
MOCHs Upstream 57 0.0001
MIDOs Upstream 30 0.0081
PINOb Middle 35.1 0.0178








Inshore vs. Offshore 
Segment
LUCHs Downstream 27.3 0.01
MISAs Downstream 28.4 0.0466
PEFLb Offshore 46.7 0.0174
MOAMs Upstream 35 0.0232
NEMEc Upstream 48.1 0.0004
NOATb Upstream 42.3 0.0055
PEFLs Upstream 29.7 0.0215
PONIs Middle 17.4 0.0351
LUCHb Downstream 24 0.0141
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Table 3.5 -  Seasonal NMS results, including size class axis scores. Species codes are 
defined in Appendix 2. Codes followed by ‘s ’ represent small size classes,’while those 
followed by ‘b ’ represent larger size classes, and those followed by ‘c ’ represent species 
with combined size classes. Size classes that were absent or uncommon for a given 
season are denoted by
Spring Summer Fall
Final Stress , 21.3 2Z3  210
Final Instability 0.00001 0.00001 0.00198
Species Code Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2
ALPSs - - - - -0.22 -0.38
DOCEs - - 0.60 -0.41 -0.40 -0.17
CYCAb -0.82 0.01 -0.03 -0.72 - -
CYSPc -0.98 -0.03 0.00 -0.25 -0.25 0.10
LUCHb -0.64 -0.26 -0.32 -0.01 0.55 0.58
LUCHs -0.76 -0.43 -0.34 -0.23 - -
NOATb 0.00 0.00 0.18 -0.19 -0.29 -0.01
NOATs -0.37 0.09 - - -0.45 -0.14
NOBIb -0.52 -0.10 -0.58 -0.04 0.48 -0.12
NOBIs -0.45 -0.62 - - 0.56 -0.23
NOCRb - - 0.00 -0.85 - -
NOCRs - - -0.25 -0.54 - -
NOHUb -0.28 0.14 0.09 -0.22 -0.23 -0.25
NOHUs - - 0.20 -0.45 -0.08 -0.32
NOSTb -0.34 0.40 - - - -
NOVOb -0.33 -0.21 -0.02 0.09 0.04 -0.20
NOVOs - - - - 0.83 -0.58
PINOb -0.71 -0.10 -0.25 -0.36 0.31 -0.15
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PINOs - - - - 0.51 -0.33
PIPRb -0.72 0.40 - - - -
CACOb -0.93 0.29 - - - -
OSMOb 0.03 -0.05 - - - -
PEOMb -0.02 0.62 - - - -
LASIb -0.48 0.33 -0.32 0.12 - -
MOAMb -0.77 -0.14 - - - -
MOAMs -0.63 0.48 0.33 -0.24 -0.11 -0.17
MOCHs - - 0.65 -0.26 - -
AMRUb -0.92 -0.02 -0.59 -0.61 0.30 -0.08
AMRUs -0.91 -0.22 -0.42 -0.96 0.36 -0.41
LEGIb -1.14 -0.32 -0.64 -0.54 0.66 -0.79
LEGIs -1.40 0.06 - - -0.04 -0.69
LEMAb -1.29 -0.19 -0.40 -0.76 0.42 -0.57
LEMAs - - - - 0.41 -0.61
MIDOb -0.48 0.10 -0.25 1.16' - -
MIDOs - - 0.44 0.15 -0.20 0.61
MISAb -1.26 -0.01 -0.21 -0.91 0.49 -0.38
MISAs - - -0.28 -0.70 0.26 -0.51
PONIs - - - - 0.20 -0.96
ETNIb -0.98 -0.19 - - - -
PECAb - - - - 0.03 0.30
PEFLb -0.65 0.16 -0.28 -0.18 0.14 -0.39
PEFLs -0.54 0.21 0.13 -0.40 -0.12 -0.34
NEMEc -0.15 0.06 0.01 0.65 -0.10 0.42
PRMAc -0.69 0.70 -0.02 0.32 0.22 -0.52
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habitat (Table 3.5). For example, small and larger striped shiner loaded negatively on 
axis 1, as did inshore and downstream sites, for which they .were both significant 
indicators.
In summer, inshore and offshore sites were somewhat randomly distributed across 
NMS kxes 1 and 2 (Figure 3.6a). As in spring, sites in the middle segment held a wide 
range o f assemblages (Figure 3.6b). Upstream sites scored higher on axis 1, 
demonstrating the presence o f small gizzard shad and white bass. Conversely, 
downstream sites had lower scores on axis 1, revealing that larger rock bass, 
pumpkinseed and homyhead chub were common downstream. Summer NMS results are 
more similar to ISA results than in spring. For example, small gizzard shad and white 
bass were significant indicators for the upstream segment, as were larger rock bass for the 
downstream segment (Table 3.4).
In fall, no strong pattern was detected across NMS axes 1 and 2 between inshore 
and offshore sites (Figure 3.7a). Upstream sites scored lower on the first axis, again 
demonstrating the presence o f small gizzard shad and other pelagic species. Upstream 
sites also scored higher on the second axis, as did small striped shiner and smallmouth 
bass, and round goby (Figure 3.7b). Middle segment sites scored slightly higher on axis 
1, for which small mimic shiners and larger pumpkinseed scored highest. Sites in the 
downstream segment did not appear to exhibit a pattern across NMS axes 1 and 2. With 
the exception o f  round goby being a significant indicator for the upstream segment, ISA 
results did not generally corroborate NMS results in the fall (Tables 3.4 and 3.5).
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Figure 3.6 -  Scatterplots o f sample scores across summer fish assemblage NMS axes 1 
and 2. Size classes (s = small. / = large) with the most positive and negative scores on 
axes 1 and 2 are shown. Inshore ♦ and offshore 0 group membership is overlaid in figure 
6a. River segment membership is overlaid in figure 6b (upstream = middle = • ,  
downstream = A).
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Figure 3.7 -  Scatterplots o f sample scores across fall fish assemblage NMS axes 1 and 2. 
Size classes ( 5  = small, / = large) with the most positive and negative scores on axes 1 and 
2 are shown. Inshore ♦ and offshore 0 group membership is overlaid in figure 7a. River 
segment membership is overlaid in figure 7b (upstream = middle = • ,  downstream = 
A).
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Discussion
In shallow Canadian waters o f the Detroit River, inshore sites had higher fish 
species richness and abundance than offshore sites in spring. A difference in assemblages 
was found between offshore and inshore sites in spring and summer only. The upstream 
fish assemblage was unique from the middle and downstream assemblages, which did 
differed slightly in summer and fall. The upstream fish assemblage was most distinct 
from the downstream assemblage in all seasons. Segments did not differ in fish species 
richness or abundance in any season; however, inshore sites in the middle segment had 
the highest richness and abundance in spring.
Significant results in MRPP do not always appear to correspond to ecologically 
meaningful differences between groups. For example, inshore sites had marginally 
significantly different assemblages from those found offshore in summer, but no pattern 
was interpretable by NM S, ISA or personal observation. However, the effect size in 
MRPP corresponded strongly to differences in assemblages, as shown by the positive 
relationship between ^-values and the number o f significant indicator species (Figure 
3.4). NMS and ISA results also corresponded better when ,4-values were higher. 
Combining M RPP, NMS, and ISA created a powerful tool for discerning differences in 
assemblages among groups, expanding the more traditional comparisons o f richness and 
abundance among macrohabitats. Strong patterns that were observable in the field (such 
as the presence o f  small gizzard shad and white bass upstream in summer) were 
highlighted by all three techniques. However, in fall, there were fewer significant 
indicator species, ISA and NMS results were dissimilar, and ^-values were low, 
suggesting that assemblages were more homogeneous among segments and between 
inshore and offshore sites. Additionally, NMS scatterplots helped to determine whether
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significant M RPP results were caused by directional differences, or heterogeneity o f 
dispersions (as described below). Differences in fish assemblages did not usually 
correspond to differences in species richness or abundance, showing that richness and 
abundance alone are not sufficient indicators o f  large-scale differences in fish 
assemblages. However, when assemblages were similar among large-scale habitats, a 
difference in abundance likely indicates a difference in productivity.
Inshore vs. Offshore
In the shallow Canadian waters o f the Detroit River in spring, fish species richness 
and abundance was higher inshore than offshore, and fish assemblages differed between 
inshore and offshore areas; however, such differences did not generally continue through 
the summer and fall. Higher richness may simply be due to higher abundance (Gotelli 
and Colwell 2001). Differences in microhabitat may account for some o f the disparity 
between the fishes found inshore and offshore. Inshore sites generally had coarser 
substrates, more complex macrophytes, greater slopes, lower current velocities, and were 
shallower than offshore sites (Figure 3.2). Therefore, inshore sites offered cover in the 
form o f shallow water and coarser substrates, which small fishes use to avoid predation 
(Schlosser 1987; He and Kitchell 1990). Stuctural complexity (in this case characterized 
by coarse substrates and high slopes) was also higher inshore, and is positively correlated 
with fish species richness in large rivers (Willis et al. 2005). Macrophytes provide 
protection from predation (Werner al. 1983), and were found to be the most important 
microhabitat variable in determining fish assemblages in the Detroit River (Chapter 2). 
Schloesser et al. (1985) stated that macrophyte growth begins between April and June, 
and I observed lower macrophyte densities in spring. Low macrophyte densities likely
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contributed to the greater use o f  inshore sites in spring, as little cover was available 
offshore. Additionally, several cyprinid and centrarchid species were found inshore in
i
spring, and many o f  these species spawn in shallow waters and along the shore (Scott and 
Crossman 1979: Goodyear et al. 1982). Differences between fishes found inshore and 
those found offshore decreased in the summer and fall, when macrophytes were more 
abundant offshore and spawning activity decreased. Therefore, shallow offshore areas 
provide important fish habitat in summer and fall, and should receive similar 
consideration to inshore areas in research programs and management decisions.
No pattern in fish size was observed between inshore and offshore sites. Smaller 
fishes are commonly thought to be associated with the shoreline, while larger fishes are 
found offshore in large rivers (Wolter and B ischoff 2001; Stewart et al. 2002). However, 
in this study, depth was held relatively constant and small fishes did not appear to 
differentiate between inshore and offshore shallow water habitats in summer and fall. 
Small riverine fishes are known to move inshore at night (Copp and Jurajda 1999; Wolter 
and Freyhof 2004), and nocturnal sampling could reveal different patterns between 
inshore and offshore shallow water habitats.
Despite the lack o f  distinction between inshore and offshore sites in summer and 
fall, the inshore retention concept (IRC) (Schiemer et al. 2001) with respect to fishes (that 
young fishes are bound to inshore nursery areas), may still apply to the Detroit River. 
Inshore areas are defined as having low current velocities, low rates o f water exchange 
with the main channel, and, therefore, distinct temperature regimes. Shoreline relief and 
water level were provided as major determinants o f the water retention capability o f the 
littoral zone. In the Detroit River, where water levels remain relatively stable, expansive 
calm (lacustrine) habitats were observed at a substantial distance from shore. Therefore,
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many o f my offshore sites fit description o f the inshore zone given in Schiemer et al. 
(2001). Thus, the IRC helps to explain the substantial fish populations found offshore.
River Segments
Fish species richness and abundance did not differ among river segments in any 
season; however, fish assemblages differed among segments in all seasons, suggesting 
that river segments were equally productive but certain species were spatially segregated. 
(Haas et al. 1985) reported higher CPUE in the middle segment o f the Detroit River, and 
higher fish species richness in the middle and downstream' segments; however, only one 
site was sampled in each segment. Slavik and Bartos (2001) found seasonal variation in 
assemblages between macrohabitats (main channel vs. oxbow) use in the Vltava River; 
however, richness and abundance did not differ. They attributed low variation in fishes to 
low variability o f microhabitats between macrohabiats.
The fish assemblage o f  the upstream segment was most distinct from that o f the 
downstream segment, while the middle and downstream segments (which were 
geographically close) did not differ in any season. Upstream and downstream sites were 
likely most unique because o f the geographic distance between the two areas, and from 
the separate influences o f Lake St. Clair (upstream) and Lake Erie (downstream).
Gizzard shad and white bass were common upstream in summer, and were likely using 
the Detroit River as either a nursery or a migration route from Lake St. Clair to Lake Erie. 
Goodyear et al. (1982) reported that white bass spawn primarily in the downstream 
segment, whereas gizzard shad spawn upstream or in Lake St. Clair. Hatcher et al. (1991) 
reported that large larval gizzard shad entered the upper segment from Lake St. Clair in
99
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summer. In the fall, assemblages appeared to be most homogeneous, as differences 
among segments were most difficult to describe.
i
The dispersion o f  middle segment points in NM S space was high, especially in 
spring and summer, compared to upstream points that were more tightly clustered. 
Therefore, MRPP results may simply reflect a difference in homogeneity o f dispersions, 
rather than a difference in assemblages (McCune and Grace 2002). In other words, 
species composition o f  the upstream segment may be no different from the middle 
segment; however, unique associations o f species may have been found in the middle 
segment. Greater dispersion may have resulted from the larger sample size or by greater 
habitat heterogeneity in the middle segment (Hirzinger et al. 2004). The largest area o f 
shallow water was found in the middle segment, which contained large shipping channels, 
braided channels, islands, expansive (many km ) shallow offshore flats, and both 
modified and natural shorelines. Wetlands in the middle segment represent the only 
expansive remaining section o f ‘natural’ shoreline along the river (Manny 2003). The 
only species at risk captured in this study (pugnose minnow, buffalo fry, spotted sucker) 
were found exclusively and repeatedly at what can qualitatively be considered the most 
natural o f  these sites. Bull and Craves (2003) relayed that pugnose minnow are found in 
American waters in the Gibraltar Bay marshes, and stressed the importance o f the 
remaining coastal wetlands for fishes. Wei et al. (2004) found that Great Lakes fishes 
prefer wetland shoreline habitats, and suggested their use as spawning and nursery 
habitat. The importance o f wetland areas for spawning fishes likely contributed to the 
increased richness and abundance found at middle inshore sites in the spring. Large-scale 
restoration o f natural habitat has positively affected fish assemblages in other large rivers. 
For example, Habersack and Nachtnebel (1995) found higher abundance, and large
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populations o f  rare species in the only restored (by creating a side-channel) reach o f the 
channelized River Drau in Austria.
Many large rivers exhibit strong longitudinal gradients in fish species richness and 
assemblages, corresponding to changes in stream order and gradient (Vannote et al. 1980; 
Edds 1993). Such longitudinal patterns were not expected in the Detroit River, as stream 
order and gradient remain constant. Rather, the entire 51 km length o f the Detroit River 
could be considered a single hydrographical unit (see Leclerc and DesGranges 2005). A 
longitudinal pattern was observed within this unit, as the upstream fish assemblage was 
most distinct from the downstream assemblage. However this distinction was minor, 
suggesting that upstream and downstream fish populations were connected. The home 
range o f  fishes is smaller in rivers than in lakes, with bluegill and longear sunfish species 
having a home range o f  < 200 m (Minns 1995). However, Crook (2004) showed that 
individual common carp and golden perch (Macquaria ambigua) occasionally migrate 
well outside o f  their home range. Such migrations could account for the connectivity o f 
distant populations. Therefore, the hydrologic barrier imposed by the channel should be 
viewed as a soft barrier, discouraging rather than preventing exchanges between the 
assemblages o f each segment. This barrier appears to affect small and young fishes most 
strongly, as fewer larger size classes o f  large species were significant indicators for a 
particular segment. Additionally, the upstream and middle segments were separated by a 
far greater stretch o f deep, flowing water than the middle and downstream segments, 
likely accounting for the increased similarity o f fish assemblages between the lower 
segments o f  the river.
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Genera] discussion
Connecting Channel Ecology
A score o f  holistic concepts in river ecology have been published in the past quarter 
century. Lorenz et al. (1997) published a review o f these theories, and two additional 
concepts have been published since. Unfortunately, many o f these concepts are 
inappropriate for large connecting channels. Several (e.g. the resource spiralling concept 
(Newbold et al. 1982) and the serial discontinuity concept (Ward and Stanford 1983) are 
related to the River Continuum Concept (Vannote et al. 1980), which describes the 
relationship between longitudinal gradients in the biota o f  large rivers and gradients in 
stream order and productivity. Large connecting channels do not exhibit such 
longitudinal gradients from headwaters to mouth, as their headwaters are a large lake 
rather than a network o f  small tributaries. Longitudinal patterns in the Detroit River were 
created by anthropogenic modifications; the narrow, channelized upstream portion o f the 
river is the result o f bank stabilization and the filling o f coastal wetlands during the 
construction o f  Detroit and Windsor. As such, only weak longitudinal gradients in the 
fish assemblage were observed. The flood-pulse concept (Junk et al. 1989) and the 
natural flow paradigm (Poff et al. 1997) are equally inappropriate for large connecting 
channels, which do not exhibit regular flood cycles and are not bordered by floodplains. 
Multiscale relationships with the river catchment have been suggested by several authors 
(Lorenz et al. 1997); however, drainage basin effects in a large connecting channel are 
likely buffered in the upstream large lake. Therefore, direct links between catchment 
scale processes and large river biota are difficult to establish.
Conversely, several other concepts relate more strongly to large connecting 
channels. The stream hydraulics concept (Statzner and Higler 1986) proposes that
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differences in assemblages are primarily the result o f transitions in stream hydraulics. 
Although this concept was developed to explain longitudinal gradients, the co-occurrence
i
of lentic and lotic habitats in large rivers is acknowledged, and current velocity is 
important in determining fish distributions in the Detroit River. Figure (2.2c) shows the 
strongest gradient in fish assemblages in the fall was related to current velocity and 
complex macrophytes. Sites with low current velocities and complex macrophytes were 
dominated by centrarchids, whereas sites with high current velocities and few complex 
macrophytes were dominated by pelagic and benthic species. In other seasons, 
macrophytes and fine substrate acted as proximate variables for current velocity. My 
results support the hypothesis that large rivers and large connecting channels contain 
distinct lentic and lotic fish communities (Copp et al. 1994; Grenouillet et al. 2000).
Contrary to the RCC, the riverine productivity model (RPM) (Thorp and Delong 
1994) suggests large rivers do not rely entirely on downstream nutrient transport. Rather, 
local carbon sources such as autochthonous production and riparian inputs are important. 
They describe higher invertebrate densities inshore resulting from riparian zone inputs 
and diversity. M y results show that shallow inshore fish assemblages do not differ from 
those found in shallow offshore waters in summer and fall. Spring selection o f inshore 
habitats by fishes is ascribed to shelter and spawning behaviour, rather than riparian zone 
inputs. However, zooplankton densities are higher in macrophyte beds (Grenouillet et al. 
2001); therefore, inshore invertebrate communities may be an important food source in 
the spring, when macrophyte densities are low. My results confirm some predictions o f 
the RPM by suggesting that riparian zone inputs may have a seasonal importance in 
structuring riverine fish assemblages. The inshore retention concept (IRC)(Schiemer et 
al. 2001) also supports the distinction between lentic and lotic habitats, by proposing that
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young fishes use inshore areas as nurseries because o f  shoreline structure, protection from 
wash-out during changing water levels, high production and retention o f organic material, 
and unique temperature regimes. Excluding inshore relief, these characteristics result 
from the hydraulic retention and a separation from the main channel. Initially, the 
similarity between offshore and inshore fish assemblages in the Detroit River appears to 
contradict the IRC. However, there was no current at many o f my offshore sites, 
suggesting that hydraulic retention occurs well offshore in protected embayments, 
especially in large connecting channels where water level fluctuations are minor. 
Therefore, protected offshore sites fit the description o f the inshore zone given by the 
IRC. A proper evaluation o f the predictions made by the IRC could be served by further 
comparisons o f protected and exposed sites, disregarding distance from shore.
Multiscale Habitat Selection
Habitat selection patterns were observed at multiple spatial scales. In many cases, 
results from each scale o f analysis complemented each other; however, certain patterns 
were difficult to interpret. For example, small gizzard shad (scientific and common 
names according to Nelson et al. (2004); scientific names provided in Appendix 1) and 
white bass appeared to prefer clear water in the summer at the microhabitat scale, while 
large-scale analyses showed these fishes were common in the upstream area. An 
examination o f turbidity data revealed lower turbidity levels upstream in the summer, 
likely increasing downstream with stormwater and tributary imputs. As white bass prefer 
clear water (Scott and Crossman 1979), small gizzard shad and white bass may have 
selected upstream habitats to avoid turbid waters. Conversely, these young fishes may 
have hatched in Lake St. Clair, and were using the Detroit River as a nursery area and/or
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a migration route to Lake Erie (Hatcher et al. 1991). Analysis at a single scale could have 
led conclusions about either possibility, without knowledge o f the confounding effects.
i
Additionally, inshore and offshore assemblages were most distinct in spring; however, at 
the microhabitat scale, distance from shore was only significant in summer. This 
discrepancy is initially confusing, and implies that either analysis could be unreliable. In 
spring, richness and abundance were higher inshore, but CCA o f presence/absence data 
would not reflect this pattern. Rather, depth accounted for much o f  the difference 
between inshore and offshore sites, as significant inshore indicator species were generally 
negatively associated with depth. In summer, MRPP analysis showed that inshore and 
offshore assemblages were marginally distinct. Spotfm shiner was a significant indicator 
for inshore sites while larger mimic shiner were significant offshore indicators. Both 
species were strongly correlated with distance from shore at the microhabitat scale. 
Therefore, multiscale analyses were complementary in summer, showing that distance 
from shore was an important factor for a small number o f species.
Species exhibited strong ontogenic shifts at the microhabitat scale; however, habitat 
associations generally remained constant across seasons for a particular size class o f a 
species. Conversely, season was more important than size in determining macrohabitat 
associations. Overall, habitat-associations varied strongly with season, size, and spatial 
scale o f  analysis. Therefore, analyzing these data at coarser resolutions would have 
greatly confounded the results. Additional variability in the data would likely be 
explained by increasing the number o f seasons, increasing the number o f  size classes per 
species, or increasing the range o f habitat sampling.
Results o f microhabitat-scale analyses describe the importance o f  habitat 
heterogeneity in maintaining a diverse fish assemblage. At the macrohabitat scale, the
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greater dispersion o f samples in the middle segment suggests a higher diversity o f 
assemblages. In spring, the highest fish species richness and abundance were found at 
inshore sites in the middle segment. Based on the unique species found in the wetland 
environment, I attribute high diversity, richness and abundance to the availability of 
wetland shoreline habitats in the middle segment.
Future Research Needs
The work presented in this thesis examines only a fraction o f  the fish-habitat 
interactions occurring in the Detroit River. A holistic examination o f  such a large 
ecosystem is beyond the scope o f a Masters thesis, or any single study. Rather, multiple 
studies testing specific hypothesis are required to properly assess the habitat requirements 
o f the fishes o f  the Detroit River.
Life stages o f  common fishes were rare or absent from my study, suggesting that 
important habitats were not sampled. For example, young northern pike, walleye, and 
freshwater drum were extremely rare in my samples, although adults o f  these fishes are 
commonly caught by angling (Hass et al 1985; Dawson undated). Adult white bass and 
gizzard shad were also rare, despite the high abundance o f their offspring. Many o f these 
fishes prefer the deeper waters o f the river channel, or migrate between tributary 
spawning grounds and Great Lake feeding grounds (Haas et al. 1985). The study by Hass 
et al. (1985) o f fish movement is truly remarkable, in light o f the difficulty o f using mark- 
recapture techniques in a system where fishes migrate (Casselman et al. 1990). Coupled 
with Hatcher et al. (1991), these studies help to reveal the interaction between the Detroit 
River and the lakes it connects. However, migrational patterns were determined for only 
a few species (primarily rock bass, yellow perch, and walleye), and additional study is
1 1 1
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required to determine if  the river is a migration route, nursery, or permanent habitat for 
individual species. Riverine fishes are often divided into habitat-use guilds (e.g.
i
rheophilic, limnophilic, etc. (Copp et al. 1994; Bischoff and W olter 2001)). The fishes o f 
large connecting channels could be divided into residency guilds, to aid in describing the 
fish assemblage.
Further examination o f deep water assemblages is required. In addition to the trap 
nets used by Haas et al. (1985), the river channels may be sampled by trawling and gill 
netting. An examination o f microhabitat preferences for channel fishes would be highly 
beneficial, as current knowledge o f fish-microhabitat associations in larger rivers is 
restricted to shallow water. Measuring microhabitat variables in the main channel poses a 
similar challenge to fish sampling. However, GIS and GPS technology allows for 
accurate offshore site selection, and microhabitat variables can be obtained from 
databases such as Data Retrieval, Exchange, Archival and Management System 
(DREAMS). Therefore, the fish assemblage could be compared at deep water sites with 
varying depths and current velocity. Additionally, large-scale comparisons o f main 
channel and side-channel deep water fish assemblages could provide insight on the effect 
(if any) o f  shipping and channel dredging on the fish assemblage, especially if  similar 
microhabitats are sampled.
W hile movement among the lakes has been documented (Haas et al. 1985), no 
effort has been made to quantify the use o f tributaries. Many fishes such as northern pike 
are known to migrate up tributaries during spring floods to spawn, while salmonids spawn 
in headwaters in the fall (Scott and Crossman 1979). Studying such movement by mark- 
recapture would likely be cost-prohibitive. However, repeated sampling o f tributary 
habitats throughout the summer months could provide information on the use o f
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tributaries for spawning by Detroit River, Lake Erie and Lake St. Clair fishes. By 
recording size and abundance data, migration patterns could be inferred from changes in 
assemblage composition. Adult fishes would increase in density during the spawning 
season, and would be rare or absent throughout the remainder o f the year. Larval fishes 
densities would spike after hatching occurs, may decline slowly because o f predation and 
competition, and would decline sharply when migrations to the river occur. Densities of 
adult fishes residing in the tributary would remain relatively constant throughout the year, 
while young resident fish densities would spike after the hatch and decline slowly 
thereafter. Unlike migratory fishes, densities o f  resident juvenile fishes would not decline 
sharply. Temporary weirs or two-way fish traps could also be used to target migrating 
fishes (Hubert 1996).
I did not examine very shallow waters that are known to dry out in low water 
conditions, to insure that my sites could be sampled in all three seasons. However, many 
of these areas were adjacent to wetland shorelines, and may provide important habitat for 
young fishes (Wei et al. 2004). 1 also chose not to examine marinas because their narrow 
width and deep waters impede seining. However, marina channels comprise a substantial 
portion o f  the Canadian shoreline, especially in the middle o f the river, and represent 
important nursery habitats in large rivers (Copp 1997).
My sampling was also restricted to Canadian waters, which are relatively 
unpolluted. The associations described in this study could be used to model fish 
distributions and predictions o f this model could then be tested by sampling shallow 
American waters. Microhabitats may differ in American waters. For example, 
Schloesser and Manny (1986) stated that macrophytes are absent from the entire western 
shoreline o f  the Detroit River. In contrast, Bull and Craves (2003) describe weedy coastal
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marshes in Gibraltar Bay and the Humbug Complex. Regardless, sites with similar 
microhabitat characteristics (e.g. coarse substrates, no macrophytes) are likely to be found 
on both sides o f the river. Therefore, the effect o f pollution on the fish assemblages could 
be inferred by comparing polluted American sites to Canadian sites with similar 
macrohabitats.
M ultiple temporal scales should also be examined. This study was restricted to a 
select few months, and did not examine diel or annual variation, limiting my conclusions 
about fish assemblage structure and habitat preferences (Jackson et al. 2001). The 
magnitude o f inter-annual variation in the fish assemblage is must be considered in 
interpreting fish-habitat associations. For example, the apparent large-scale selection o f 
the upstream segment as a nursery by young gizzard shad and white bass could represent 
a regular pattern, or the selection o f sub-optimal habitat by additional members o f an 
exceptionally large year class. W inter weather conditions prohibit traditional sampling 
throughout most o f the river. Although ice jam s prevent reliable sampling until early 
April, samples obtained then would likely reveal unique habitat-associations from those 
obtained in May. Similarly, sampling in late fall (October-December) would provide 
further insight into seasonal patterns. Early spring and late fall sampling would help to 
test the hypothesis that macrophytes attracted fishes to offshore areas in July and 
September. Night sampling would likely reveal diel shifts in habitat use, with smaller 
fishes moving inshore to avoid predation, and deep water fishes such as channel catfish 
moving to shallow water to feed (Copp and Jurajda 1993; Copp and Jurajda 1999; Wolter 
and Freyhof 2004). Spatially and temporally expanding fish sampling in the Detroit 
River would likely reveal the whereabouts o f the missing size classes listed above.
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Theoretically, these studies would provide a comprehensive and holistic view of 
fish-habitat associations in the Detroit River. No large river (or connecting channel) has 
been studied in this manner, and such data would be o f  global significance. Using the 
current data, a comparison o f the assemblages found at exposed and protected shallow 
waters'could provide a further test o f the IRC. Moderate flows are often found at exposed 
sites, and large boat wakes ensure a constant hydraulic exchange with the main channel 
that is absent from protected areas. Similarly, examining the effect o f riparian zone 
landuse could provide an evaluation o f the predictions o f both the RPM and the IRC. 
Armoured and urbanized sites do not provide organic matter inputs, nor the relief found at 
natural sites. Therefore, a comparison o f assemblages adjacent to natural and modified 
riparian zones would test the predictions o f the RPM and IRC.
1 would recommend several modifications to my sampling design for future studies 
o f shallow offshore fish assemblages. First, increasing the number o f  sites would provide 
data that is better suited to multivariate analysis, following the tenet that many small 
samples are preferable to a few large samples (Nelva et al. 1979; Scholten 2003). Many 
species were present at 5 or fewer sites in one season, making model building and 
verification difficult. To maintain sampling effort, which was maximized in this study, I 
would decrease the number o f replicates per site. However, increasing the number of 
sites also increases the time spent measuring environmental variables, and a balance must 
be struck to ensure sufficient fish sampling occurs. The efficiency o f a seine net varies 
among species (Lyons 1986; Parsley et al. 1989), and multiple gears are recommended to 
accurately Sample the fish community. Sites were sampled by electrofishing in 2004; 
however, electrofishing data were not included as several sites were not sampled in the 
summer and fall, and because o f temporal dependency problems. A boat electrofisher
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was not always available; therefore, electrofishing commenced after seining was 
complete each season. I f  possible, I would recommend interspersing electrofishing and 
seine net sampling to prevent temporal dependency. PAS by electrofishing could provide 
estimates o f juvenile fish densities, and would be more effective at sampling very young 
fish that were able to pass through seine net mesh.
Finally, I recom mend that special attention be paid to the remaining wetland areas 
o f the river. Bull and Craves (2003) stressed the importance o f coastal wetlands in the 
Detroit River, and the creation o f  additional protected wetlands in Canadian waters is 
recommended (OMNR 1994). The only species at risk I found (pugnose minnow, 
Opsopoeodus emiliae; buffalo fry, Jctiobus sp.; spotted sucker, M inytrema melanops) 
were in a wetland environment, and I observed a uniquely rich fish assemblage 
surrounding that site. Further examination o f these environments may reveal additional 
species at risk, and could guide restoration efforts by determining which characteristics o f 
the wetland attract fishes.
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Appendices
Appendix 1 -  List o f species reported in the Detroit River. Status describes species as 
native (N), introduced/invasive (I), or species at risk (SAR) listed by COSEW1C. Author 
symbols represent Goodyear et al. (1982) (G). Hass et al. (1985) (H), Muth et al. (1986) 
(Mu), Manny et al. (1988) (M), Mandrak and Crossman (1992) (MC), and this study (L). 
Historical records (i.e. before 1920) were included in Goodyear et al. (1982), and are 
listed as (G’). Fishes observed during the course o f this study, but not captured at a listed 
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Alewife 1 G, H, Mu, M, MC, L
Gizzard Shad N G, H, Mu, M, MC, L
Goldfish 1 G, H, M, MC, L
Spotfin Shiner N Mk, L
Common Carp 1 G, H, Mu, M, MC, L
Silver Chub SAR H, M
Striped Shiner N MC, L
Hornyhead Chub N MC, L
River Chub N MC
Golden Shiner N M, MC, L
Emerald Shiner N G, H, M, MC, L
Blackchin Shiner N M*
Blacknose Shiner N MC
Spottail Shiner N G, H, Mu, M, MC, L
Sand Shiner N M, L
Mimic Shiner N M, MC, L
Pugnose Minnow SAR M, MC, L
Bluntnose Minnow N MC, L
Fathead Minnow N MC, L
River Carpsucker N Mu
Quillback N H, M
Longnose Sucker N M‘
121
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Catostomus commersonii White Sucker N G, H, Mu, M, MC
Hypentelium nigricans Northern Hogsucker N H, M, L
Ictiobus bubalus Smallmouth Buffalo 1 M*
Ictiobus cyprinellus Bigmouth Buffalo SAR H, M, L'
Minytrema melanops Spotted Sucker SAR H, Mu, M, MC, L
Moxostoma anisurum Silver Redhorse N H, M, L
Moxostoma carinatum River Redhorse N H, M
Moxostoma erythrurum Golden Redhorse N H, M, MC, L
Moxostoma macrolepidotum Shorthead Redhorse N H, M, MC, L
Siluriformes
Ictaluridae
Ameiurus melas Black Bullhead N H, M, MC, L
Ameiurus natalis Yellow Bullhead N H, M, MC, L
Ameiurus nebulosus Brown Bullhead N H, M, L
Ictalurus punctatus Channel Catfish N G, H, M, L
Noturus flavus Stonecat N H, M
Noturus gyrinus Tadpole Madtom N MC
Esociformes
Esocidae
Esox lucius Northern Pike N G, H, Mu, M, MC,
Esox Masquinongy Muskellunge N G, H, M, L
Umbridae
Umbra limi Central mudminnow Mu
Salmoniformes
Osmeridae
Osmerus mordax Rainbow Smelt 1 G, H, Mu, M, MC,
Salmonidae
Coregonus artedi Cisco N G', Mu
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Perciformes
Moronidae
Morone americana White Perch 1 H, Mu, M, L
Morone chrysops White Bass N G, H, Mu, M, L
Centrarchidae i
Ambloplites rupestris Rock Bass N G, H, M, MC, L
Lepomis cyanellus Green Sunfish N H, M, MC
Lepomis gibbosus Pumpkinseed N H, M, MC, L
Lepomis macrochirus Bluegill N G, H, M, MC, L
Lepomis megalotis Longear Sunfish N L
Micropterus dolomieu Smallmouth Bass N G, H, M, MC, L
Micropterus salmoides Largemouth Bass N G, H, M, L
Pomoxis nigromaculatus Black Crappie N H, M, MC, L
Pomoxis annularis White Crappie N G, H, Mu, M, MC
Percidae
Etheostoma microperca Least Darter N MC
Etheostoma nigrum Johnny Darter N G, Mu, MC, L
Perea flavescens Yellow Perch N G, H, Mu, M, MC, L
Percina caprodes Logperch N G, H, Mu, M, MC, L
Percina maculata Blackside Darter N MC
Sander vitreus Walleye N G, H, Mu, M, MC, L
Stizostedion canadensis Sauger N G, M
Sciaenidae
Aplodinotus grunniens Freshwater Drum N G, H, Mu, M, L
Gobiidae
Neogobius melanostomus Round Goby 1 L
Proterorhinus marmoratus Tubenose Goby 1 L
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*The list provided by M anny et al. (1988) is generally considered the main Detroit River 
species list. However, it is a compilation o f  Lee et al. (1980), Goodyear et. al. (1982), 
and Hass et al. (1985), and appears to rely heavily (and erroneously) on the complete list 
o f  St. Clair River, Lake St. Clair and Detroit River fishes provided by Hass et al. (1985). 
Fishes'listed here as reported by Hass et al. (1985) include only those caught in the 
Detroit River proper. Species listed only by M anny et al. (1988) should be interpreted 
with caution. Additional references for fishes in the Detroit River, unavailable at the time 
o f printing, include resampling o f MNR sites by DFO (OMNR 1994; N. Mandrak pers. 
comm. 2003), and an atlas o f Michigan Fishes (Bailey et. hi 2004).
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Appendix 2 -  Codes used to represent fish species captured in this study. Codes are the
first two letters o f  the genus and species scientific names._____



























Lepisosteus osseus  LEOS
Amia calva  AMCA
Alsoa pseudoharengus  ALPS
Dorosoma cepedianum  DOCE
Carassius auratus  CAAU
Cyprinella spiloptera  CYSP
Cyprinus carpio  CYCA
Luxilus chrysocephalus  LUCH
Nocomis biguttatus  NOBI
Notemigonus crysoleucas  NOCR
Notropis atherinoides  NOAT
Notropis hudsonius  NOHU
Notropis stramineus  NOST
Notropis volucellus  NOVO
Opsopoeodus emiliae  OPEM
Pimephales notatus  PINO
Pimephales prometas  PIPR
Catostomus commersonii CACO
Hypentelium nigricans  HYNI
Minytrema melanops  MIME
Moxostoma anisurum  MOAN
Moxostoma erythrurum  MOER
Moxostoma macrolepidotum  MOMA 
Ameiurus melas  AM ME
Ameiurus natalis  AMNA
Ameiurus nebulosus  AMNE
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Channel Catfish Ictalurus punctatus ICPU
Northern Pike Esox lucius ESLU
Muskellunge Esox Masquinongy ESMA
Rainbow Smelt Osmerus mordax OSMO
T rout-Perch Percopsis omiscomaycus PEOM
Brook'silverside Labidesthes sicculus LASI
Banded Killifish Fundulus diaphanus FUDI
Threespine Stickleback Gasterosteus aculeatus GAAC
White Perch Morone americana MOAM
White Bass Morone chrysops MOCH
Rock Bass Ambloplites rupestris AMRU
Pumpkinseed Lepomis gibbosus LEGI
Bluegill Lepomis macrochirus LEMA
Longear Sunfish Lepomis megalotis LEME
Smallmouth Bass Micropterus dolomieu MIDO
Largemouth Bass Micropterus salmoides MISA
Black Crappie Pomoxis nigromaculatus PONI
Johnny Darter Etheostoma nigrum ETNI
Yellow Perch Perea flavescens PEFL
Logperch Percina caprodes PECA
Walleye Sander vitreus SAVI
Freshwater Drum Aplodinotus grunniens APGR
Round Goby Neogobius melanostomus NEME
Tubenose Goby Proterorhinus marmoratus PRMA
,1
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Appendix 3: List o f  species at risk (COSEW1C), known (K) or expected (E) to be in the 
Detroit River. Species expected to be in the Detroit River are known from connected 
waterbodies (N. M andrak pers. comm. 2003).
Scientific Name Common Name Status Range
Notropis anogenus Pugnose Shiner Endangered E
Notropis stigmosus Northern Madtom Endangered E
Ammocrypta pellucida Eastern Sand Darter Threatened E
Erimyzon sucetta Lake Chubsucker Threatened E
Lepisosteus oculatus Spotted Gar Threatened K
Myoxocephalus thompsoni Deepwater Sculpin Threatened K
Percina copelandi Channel Darter Threatened E
Ictiobus cyprinellus Bigmouth Buffalo Special Concern K
Ictiobus niger Black Buffalo Special Concern E
Lepomis gulosus Warmouth Special Concern E
Lepomis humilis , Orangespotted Sunfish Special Concern E
Macrhybopsis storeriana Silver Chub Special Concern K
Minytrema melanops Spotted Sucker Special Concern K
Opsopoeodus emilae Pugnose Minnow Special Concern K
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Appendix 4 -  UTM coordinates for 2003 and 2004 sites in the Detroit River.
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Appendix 5 -  Length (mm) used to divide species into small and larger size classes. 
Species codes are defined in Appendix 2. Small fishes represent age 1 individuals in the 
spring, and young o f the year (YOY) in summer and fall, save small members o f the 
genus N otropis , that were YOY in spring. Size classes were derived from length- 
frequency histograms and Scott and Crossman (1979). .Species marked by were not 
sufficiently numerous to allow accurate length-frequency determinations, and size class 
data were not available in the literature. Species marked by ‘N ’ displayed normally 
distributed length-frequency histograms.
Spring Summer Fall
Species Code Small Larger Small Larger Small Larger
ALPS - - - - - -
DOCE <100 >100 <100 >100 <100 >100
CYC A <150 >150 <150 >150 <150 >150
CYSP N N N N N N
LUCH <75 >75 <80 >80 <65 >65
NOAT <50 >50 <50 >50 <50 >50
NOBI , <75 >75 <60 >60 <65 >65
NOCR - - - - - -
NOHU <40 >40 s60 >60 <70 >70
NOST - - - - - -
NOVO <45 >45 <35 >35 <45 >45
PINO <40 >40 <40 >40 <55 >55
PIPR - - - - - -
CACO - - - - - -
OSMO <50 >50 250 >50 <50 >50
PEOM - - - - - -
LASI <55 >55 <55 >55 <55 >55
MOAM <100 >100 <70 >70 <100 >100
MOCH <80 >80 <80 >80 <80 >80
AMRU <50 >50 <45 >45 <65 >65
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<30 >30 <70 >70
£35 >35 £55 >55
£75 >75 £95 >95
£80 >80 £100 >100
£50 >50 £50 >50
£70 >70 £90 >90
N N N N
N N N N
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Appendix 6 -  Review o f microhabitat variables measured in recent studies o f fish- 
microhabitat relationships in large rivers. Symbols are depth (D), current velocity (Cv), 
substrate (S), macrophytes (M), water temperature (Tw), cover including woody debris 
(Cw), turbidity (Tu), distance from shore (Ds), dissolved oxygen (Do), conductivity (Co),, 
bank slope (Bs), pH, channel width (W), and other (O). Other includes periphyton, shade, 
.gradient, undercut banks, riparian cover, leaf litter, time, air temperature, and H2S.
Variables Measured
Reference D Cv S M Tw Cw Tu Ds Do Co Bs pH W  O
Grossman et al. 1987 * * * * *
Lobb and Orth 1991 *
Taylor e ta l. 1993 * * * * * .,
Pusey e ta l. 1993 * * * * * * *  * * * 3
Copp e ta l. 1994 * * * * * * * *
Scheidegger and
Bain 1995 *
Poizat and Pont 1996 * * * * * *  * 2
Cantu and
Winemiller 1997 * * * *
Garner 1997 * * *
C opp1997 * *
Gozlan et al. 1998 * * * * * *  * ,  * ^
Gozlan et al. 1999 * * * * *  * *
Gido and Propst 1999 * * * *





Petry et al. 2003 * * * * * * 3
Fladung et al. 2003 * * * * * * * * *  * *
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Barko et al. 2004 * * * *
Rashleigh 2004 * *
Totals 19 16 14 14 11 10 10 8 6 6 5 5 3 6
i
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